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BACKGROUND OF THE | NVENTI ON [000l] The present invention relates to a
liquid crystal display device, and nore particularly, to a i

di spl ay device using bend alignment of liquid crystal no | ecul e @’MM’"HI’M’HH)
effecting display. [0002] In recent years, active matrix liquid
pl ay devices have dramatically inproved in display perfor nance sucmga&

contrast, brightness andnigyimocrRngraLCchbasather DEVICE to a | evel as hig

current|y used videly is a twstes nemtic (TN mbde ﬁLv?'nZpL""?ﬂllmmmlllﬂlﬂllllllﬂlﬂlll

time in the order of tens of mlliseconds. Wth this | evel of resposgo-
speed, which is | ow conpared with that of CRTs, blurring occurs when a
novi ng i mage with vigorous notion such as that in sports is displayed. The
causes of this blurring ofBARCKEGROUND i QEQPHECINVENTION] i n depth by

| shiguro, Kurita and others (Shuichi Ishiguro, Taiichiro Kurita, "Study on
noving i mage quality of hold em ssion type display with 8X CRT" , ITE
Techni cal [08opprt ,THYPEe83n tBCHIe2BioBFAXIE-diYs to d 000ghiAcaargtglto
the literature descri bed above, the deterioration of the noving inmage

foaponte i aRIEY SR od Ore PR SRR 07 SRS B 1R Yl

and by adopting hold type display as the dis play schene. The hold type
di spl ay cﬁﬁsEéaﬂhéﬁﬁ&F%ouﬁﬁpﬁmQﬁPqy%%laP§BP§yqgl1%@?%ﬁgc§ﬂ&£§é|@mr
blink or inserting screen erase intervals for the display with liq uid
crystal. BRschoest fordadffeotihhedisppagse time, main |y two neasures as
foll ows have been proposed.

[0002] In recent years, active matrix liquid crystal dis-
play devices have dramatically improved in display perfor-
mance such as contrast, brightness and viewing angle
characteristic, to a level as high as that of cathode ray
tubes (CRTs). The liquid crystal display mode currently
used widely is a twisted nematic (TN) mode having a re-
sponse time in the order of tens of milliseconds. With
this level of response speed, which is low compared with
that of CRTs, blurring occurs when a moving image with
vigorous motion such as that in sports is displayed. The
causes of this blurring of a moving image were studied in
depth by Ishiguro, Kurita and others (Shuichi Ishiguro,
Taiichiro Kurita, "Study on moving image quality of hold
emission type display with 8X CRT", ITE Technical Report,

IDY96-93, BCS96-23, BF096-50).



[0004] One is a surface stabilized ferroelectric liquid crystal (SSFLC)
node using ferroelectric liquid crystal proposed by O ark and Lagerwall in
1980. This node is however disadvantageous in that the way of gray scale
dis play is conplicated and that the alignment stability of snmectic liquid
crystal is inferior. Due to these and ot her disadvantages,
commercialization of this node, once started by Cannon Inc., is presently

di sconti n[o®d3] [ 0QQdodden @t hey ikhea Diteehltuappr@esbruibeag Alswé, c thé uid
crystal invented by J . P . Bos and others in 1983 . In this approach, a

vol tage | ;i 0sS ay-al.t.gned.liquid I yer t sform
t he spIayagﬁggﬁﬁgﬁgﬁgglz%fabzﬁ a ?g%g nt}hgﬁ agﬁé%%gg i%gré%agﬁgb%Q% wth
the in tensity of the voltage application in the bend-aligned state is used
for di spl &fystal: Hlisriiapl dgviste i1sordgusedury dejstvalofiofbeulrasnansse
surface portion of the liquid crystal layer nove with application of an

external tipkd, ofnc a1laeifd owrgerenat adtietitdle Wﬂ@ﬁesﬁegﬁeb@ axg timn of
the alignment serves to accelerate the response. Due to these features,

hi gh- speed_respanse of several .m].lisec Qﬁs i s reportedly possible. [0006J
In the pi g%iﬂ“? érpapF%a%ﬂad\égcr?%é;%{Ja’BSv ,Ocis IER}p%I ﬁgﬁﬁéﬁy i%geﬁnge‘ﬁ ally
nore stable than bend alignnent in the non-voltage applied state. For this

reason, sbieymsiieie f or Theahofldr iyRe sgiaplali gamerhe t chdngeddaltiogriment
have been proposed. [0007] For exanple, United States Patent No. 6,069, 620,

di scl osespa1 BBt hagde) Wi Sinap | Byenae tMaldqoes i spagRl i gAtat phRgust agt of
operation to allow liquidcrystal nolecu |les to overpasS the energy barrier

and thus be Lranaforied Lo bend. al Lonuenty, JARengss kol 0en et Yy

uid crystal. As for the delay of the response time, main-

ly two measures as follows have been proposed.

[0004] One 1is a surface stabilized ferroelectric 1liquid
crystal (SSFLC) mode using ferroelectric liquid crystal
proposed by Clark and Lagerwall in 1980. This mode is
however disadvantageous in that the way of gray scale dis-
play is complicated and that the alignment stability of
smectic liquid crystal is inferior. Due to these and
other disadvantages, commercialization of this mode, once

started by Cannon Inc., is presently discontinued.

[0005] The other is a pi-cell approach using nematic lig-
uid crystal invented by J. P. Bos and others in 1983. In
this approach, a voltage is applied across a splay-aligned

liquid crystal layer to transform the splay alignment to



No. 11-7018 discloses a nethod in which a high pretilt re gionis forned on
a surface of at |east one of a pixel electrode and a counter el ectrode.
Using the high pretilt 3 region as a nucleation site, a liquid crystal

| ayer is transformed to bend alignnent, wi th expansion of disclina tion,
during voltage application. [0008] Japanese Lai d-Open Patent Publication
No. 9-96790 discloses the following. By adding a chiral dopant to a nematic
i quid croesidl afdgemealt ,scandab diprgd. 2h iretsatdasiord wiiterehd iis-t he
thickness of a liquid crystal cell and p is a pitch of a spontaneous

hel i cal e | |, gyl ry | ryal .wt he Lrak . nt
m xed th?r%’?%&t h°<cal:'f | %2‘% dbgfuL;gtgé%I ?E@%ﬁr‘%ﬁ%‘?t §w18gpgegtr)§ght \%h%g’g‘%%
alignment in the non-voltage applied state. Wien a_voltage is applied to
this tw Settei d§ dugegstfar | dyeplaghe t vitst EB1gl i §hoRhaYi Madmot By

transforned to bend alignment without generation of disclination. [0009]

The threa ipii@de el bad1akemedade bers n@arkicer gReseton N del ahleon
with the transformation of the liquid crystal |ayer fromsplay alignnent to

bend al i gnnent . Thes onventional net.hods however .find difficulty in at
Lol i ng AT eEFS tals M h B EP mitt h FORE SR AP A oLt STy
alignnment and also reliable transforma tion over the entire display plane.

[ 0010] THelek@seandi gvdracklexagienedakes ofn athe0 phwpess 40f reilexad
region as a nucleation site. However, it was found difficult to forma

f18Q|- dgg: ecqbdrwi sedHeOhNgahahlty sdeves! itabl ¥ecbletatk, W t r@bpbhaer.egi on
alle 0 be
Due to these features, high-speed response of several mil-

liseconds is reportedly possible.

[0006] In the pi-cell approach described above, splay
alignment is energetically more stable than bend alignment
in the non-voltage applied state. For this reason, some
methods for transforming splay alignment to bend alignment

have been proposed.

[0007] For example, United States Patent No. 6,069,620,
discloses a method in which an intense voltage is applied
at the start of operation to allow liquid crystal molecu-
les to overpass the energy barrier and thus be transformed
to bend alignment. Japanese Laid-Open Patent Publication
No. 11-7018 discloses a method in which a high pretilt re-
gion is formed on a surface of at least one of a pixel

electrode and a counter electrode. Using the high pretilt



180-degree tw sted, but splay-aligned. [0011] An object of the present
invention is providing a liquid crystal display device capable of attaining
swift and reliable transfornmation fromsplay alignnment to bend alignment or
frombend alignnent to splay alignnment. SUMVARY OF THE | NVENTI ON [ 0012] The
liquid crystal display device of the present invention includes a first
substrate, a second substrate placed to face the first substrate, and a
liquid cr I r4i g%§@ etwgen the { a d gﬁn§gr es,
wher ei n t%ezéﬁraui%ﬁec?yg%l ayiej(rnbi ncl ud'es:Q ai:'ts%?%g- %%%g%or elgi on i %tswhi ch
a transformation fromsplay alignnment to bend alignnment or_from bend

al i gnmenttEapeiPEped| FenkeRe GdciF¥neRtor Uikl EEPANFHIAMRE appPrédhaand a
nucl eation region serving as a nucleation site for initiating the

t ransf or rmitdron dwrdngurolbatke applladyetligned regi on) the nucl eation region
includes a plurality of first nucleation regions, each of the plurality of
first nucleation regions 5 extending in a first direction, and a

pl ural i t J0@O8]secoapaneskedta DA-0pgho st @ath Pafb ltitea tpl omi alNd.y 9f96890ond nu
cleation regions extending in a second direction different fromthe ffirst
directiony; aynal iged, Lon ify, e a _pl LY &8
splay-al?Eﬁ%%ﬁ?%g%oﬁg%haV|ng'é§§¢ist %gd%ﬁgﬁﬁgtﬁ% %%%%% I é%?%i%oaﬁd a
plurality of second splay-aligned regions having a second width smaller

t han t he ¥ena&tiqi iguid cR¥sdedompteRrieti o9, thAd H® pt L r2Pii§ 8PLfirst
spl ay-aligned regions include two first splay-aligned regions connected to
each ot hersfiieéd ofwheket [de i uthei thieknzecorsk sal aygaliidynetyseql ogell[ 0013]
The liquid crystal layer may contain a chiral dopant, the nucleation region
may be aéﬁﬁ?ﬁ'fﬁ'ﬁ”ﬁﬁt@ﬁ of a spontaneous helical structure of the
liquid crystal material with the chiral dopant mixed
therein), the liquid crystal 1layer exhibits 180-degree
twisted alignment in the non-voltage applied state. When
a voltage is applied to this twisted liquid crystal layer,

the twisted alignment is smoothly transformed to bend

alignment without generation of disclination.

[0009] The three methods described above have been mainly
proposed in relation with the transformation of the liquid
crystal layer from splay alignment to bend alignment.
These conventional methods however find difficulty in at-
taining sufficiently swift transformation from splay
alignment to bend alignment and also reliable transforma-

tion over the entire display plane.

[0010] The present inventors examined use of a 180-degree



gi on exhibiting 180-degree tw sted alignnment during non voltage
application, the plurality of first nucleation re gions nmay be a plurality
of ffirst twist-aligned regions exhibiting 180-degree tw sted alignnent
during non-voltage application, and the plurality of second nucleation re
gions may be a plurality of second tw st-aligned regions exhibiting
180-degree tw sted alignnent during non-vol tage application. [0014]

Preferabliyy; glé@ Hediont Wt zal hAREAakIGNONsite®  HAMPEr! hain d/ay of
t he splay aligned region where p is a pitch of the liquid crystal mat eri al

with a chiral s a_thickn f the twist-a ned region_of the
o ud rgal SREFapu T oy aEn oA KR BRAESE S TGP S sLCaEPEnaG APagi on o
the liquid crystal |ayer. [0015] Preferably, dl is greater than d2. [0016]

Pref erablandt e lfilabdty .subgtr afact ncpaddes @&f pkhealregionf fgadtled | tes be
extending in the first direction, a plu rality of source lines extending in

t he sec0(§ &éﬁfégn &&gigbngﬂd¥3£4¥é§cros Lion, a plurality of swtching

el enent s aced T n t e vicrdity of ngs of the plurality of gate
lines and the plurality of source lines, and a plurality of pixel

el ectr _Odgﬁoﬂ]em E\hCQ;IBi;e(anB%CttﬁfeE #EQSFH% Al @r“:_{é( 13925%.604/1&??19 t he

pluralit source via t urality o smﬁtc enent s | east
one of the plurality of first_tw st-aligned regions |s forned above at

| east one-HUtHhe BIFAY t FLEP1GH 19T HES, CAPALLS 1 Chn@ YR DI GGt y of

second twi st aligned regions is forned above at |east one of the plurality
of sourcerd neeliabdeat ttraasftoonatdion herphursylidy aflifnmentsptaybaindned
regions is formed above at |east one of the plurality of pixel electrodes.

alignment or from bend alignment to splay alignment.

SUMMARY OF THE INVENTION

[0012] The liquid crystal display device of the present
invention includes a first substrate, a second substrate
placed to face the first substrate, and a liquid crystal
layer interposed between the first and second substrates,
wherein the liquid crystal layer includes: a splay-aligned
region in which a transformation from splay alignment to
bend alignment or from bend alignment to splay alignment
occurs according to a voltage applied; and a nucleation
region serving as a nucleation site for initiating the
transformation to occur in the splay-aligned region, the
nucleation region includes a plurality of first nucleation

regions, each of the plurality of first nucleation regions



7 [0017] Preferably, the first substrate further includes a plurality of
common |ines each fornmed between the adjacent ones of the plurality of gate
.lines, and at |east one of the plurality of first twist-aligned regions is
formed above at |east one of the plurality of common |ines. [0018]
Preferably, at |east one of the plurality of second tw st-aligned regions
is formed continuously fromat |east one of the plurality of first

twist-aligRednagaigons §081%%tThei shaEidly, bahween g ersecendotWisdcand gned
re gions adjacent in the first direction anong the plurality of second

tw st-aligned regions_is.preferably 1 or |less. 10020 | east .one_of the
first sub§PPg9g%gHE fﬁ%9%§88nd %%%%tfﬁfghwayﬁi a%ﬁ?ﬁL&’li?§c8?dsfgb§ each
having an up per face, a |lower face, and a side face connecting the up per

face and theakdwer rfegrinsnekténdippaynalai grestbn@gdbneatiyobe didifreatkrabove
t he upper faces of the plurality of steps, and the twist-aligned region is

formed abpygmt hendouerrdacess flotiien Pl Wil i topi0fy 54 P0ned 00%d: & efsrabl y.

the plurality steps 1nclude a first step and "a second step, the side
face of the first step has an gngle exceeding 90 with respect _to the | ower
S

face, and°tHée§i e LY nef sEdoRE SPIpYasl Lredgredfiens &avinhe 90

wth respect to the Iower face. [0022] The side face of the first step
pref erabl Fiegternasditin tire thestsecordt idiredtiD@3] ale ai deldnasdidf tde
second step preferably extends in the second direction. [0024] The pretilt

directiong9f LW A7 V5t AindB! £64568s having a second width smaller

than the first width in the second direction, and the plu-
rality of first splay-aligned regions include two first
splay-aligned regions connected to each other via one of

the plurality of second splay-aligned regions.

[0013] The 1liquid crystal layer may contain a chiral
dopant, the nucleation region may be a twist-aligned re-
gion exhibiting 180-degree twisted alignment during non-
voltage application, the plurality of first nucleation re-
gions may be a plurality of first twist-aligned regions
exhibiting 180-degree twisted alignment during non-voltage
application, and the plurality of second nucleation re-
gions may be a plurality of second twist-aligned regions
exhibiting 180-degree twisted alignment during non-voltage

application.

[0014] Preferably, dl/p of the twist-aligned region is



of the liquid crystal |layer may be parallel to the first direction. [0025]
Alternatively, the liquid crystal display device of the present invention
includes a first substrate, a second substrate placed to face the first
substrate, and a liquid crystal |ayer interposed between the first and
second sub strates, the liquid crystal |ayer containing a chiral dopant,
wherein the liquid crystal |ayer includes: a twi st-aligned region

exhi bi ti ngrdPPedeghan Wii/H ek alhdnsPRAY -8uliight G ¢t agte2BPDI Gat i0N;

and a splay- allgned reglon exhi biting splay alignnment durlng non-vol t age ap
pllcatlon. d nment. durin ol t plication e .used for

di spl ay, £ Bﬁ QHﬁgf?F%?9§x §$g§ﬂgaa 1§he s%%ﬁﬁﬂ gﬁ@??ﬂie has
a pIurallty of steps each having an upper face, a | ower face, and a side
face connkctisgat hipersd afe tiwed ttwiest oakighedceegidrheofuth8® liface
facing the quuid crystal layer, the splay-aligned region is formed above
the upper,f@c tihe | ofy-st eps,, a st zal e onis
f ormed abovdél t% I om]/'erlgg(gzge:g %ﬁ{(tihgzgsjl %rgal?tsﬂ(%]b&?tetes\p@s Bgndﬂﬁ: @,& urality
of steps |nclude a first step and a second step, the side face of the first
step has Qﬂ@ﬁer%gééédpﬁgng?\&%9P¥% %5%%Fa%olﬁﬁérlomer f ace , and the
side f ace of the second step has an angle less than 90 with respect to the
| ower f ace [ 0026]  Accordi ng to anot her ect of the invention, a nethod
for formlOQtsnyePredeseddy rﬁirﬁﬁrﬁﬁeéF%Estgﬁﬁul2taneous|y is provi ded.
Each of the steps has an upper face, a |lower face, and a side face

connectiR %ﬂe ugper face and the | ower face, The face of the |qyerted step
has an a @P | es r?ﬁ&ﬁ@?iﬁmt?P?e§&5ﬁ¢t%P?%Er?B%eFWQ%ngS ural-

ity of gate lines extending in the first direction, a plu-
rality of source lines extending in the second direction
crossing the first direction, a plurality of switching
elements placed in the vicinity of the crossings of the
plurality of gate lines and the plurality of source lines,
and a plurality of pixel electrodes electrically connected
with the plurality of gate lines and the plurality of
source lines via the plurality of switching elements, at
least one of the plurality of first twist-aligned regions
is formed above at least one of the plurality of gate
lines, at least one of the plurality of second twist-
aligned regions is formed above at least one of the plu-
rality of source lines, and at least one of the plurality
of first splay-aligned regions is formed above at least

one of the plurality of pixel electrodes.



and the side face of the normal step has an angle exceed ing 90 with
respect to the |ower face. The nethod in cludes the steps of : preparing a
substrate having a high reflectance region on the principal plane, the high
refl ectance regi on being higher in reflectance than the surrounding
regions; formng a photosensitive resin |ayer on the principal plane; and
exposi ng the photosensitive resin layer to light via a mask having a

l'i ght - shajong] 10 pre¥utd®ly angna I£0Rit t EaBsrbitienFWSrRéPNihB 1YL det er
m ned pattern, to formthe inverted steps or the normal steps using

flected |jght . he i gh-1ef| jon. [0027] .The .
i gherof | BEEARLE Wogttor i o by ST A e Do tVEER th¥ apy agent

common line formed on the princi pal plane of the substrate. [0028] The
phot osensPnege ofestie| pluraddytybeot gefet iMnespeapHotadsebsast veneesih
| ayer, the mask may be posi tinned so that the |ight-shading portion is

pl aced abeyg tﬁfufgghztge%@ctpﬂé‘@tre&bm%wgﬁéaesr ibRe |4 9hte Shads ng

portion being inside the high-reflectance region, and the inverted steps
may be forped using the reflected light. [Q029] The photosensitive resin
| ayer may?B8V& BGSﬁﬁaﬁgtﬂﬂﬁe%#dg%%e LpEp étﬁéﬁﬁ1qQﬂﬁﬂq +ReSask may be
posi tinned so that the light-transmtting portion is placed above the
hi gh-refl nce region wth edges of the light transmtting portion being
'nai de t HOUAPh PG oEE  + 8EJLERS aPa I noh b L S BpS tiag TS THEd
using the re fleeted light. 11

twist-aligned regions is formed continuously from at least

one of the plurality of first twist-aligned regions.

[0019] The spacing between two second twist-aligned re-
gions adjacent in the first direction among the plurality

of second twist-aligned regions is preferably 1 mm or less.

[0020] A least one of the first substrate and the second
substrate may have a plurality of steps each having an up-
per face, a lower face, and a side face copnecting the up-
per face and the lower face, and the splay-aligned region
may be formed above the upper faces of the plurality of
steps, and the twist-aligned region is formed above the

lower faces of the plurality of steps.

[0021] Preferably, the plurality of steps include a first
step and a second step, the side face of the first step
has an angle exceeding 90° with respect to the lower face,

and the side face of the second step has an angle less



BRI EF DESCRI PTI ON OF THE DRAW NGS [0030] FIG 1 is a diagranmmtic view
denonstrating the display principle of the liquid cryst al display device
of the present invention. [0031] FIG 2Ais a partial plan view of a liquid
crystal display device in one aspect of the present invention, and FIG 2B
is a cross-sectional view taken along line 2b-2b' of FIG 2A. [0032] FIGS
3A and 3B are diagrammtic views denonstrat ing transformation of the

al i gnment tRhnagbt i@ nC esRlct aertné 098k rFEGSe .4A and 4B are
di agrammati c views denonstrat ing splay-bend alignnment according to the

present inven tion. [0034] FIG 5 is a diagrammtic view denonstrating

spl ay bengoaz) gnmert Hiad £98BaALE | Mee eXapBYe.s Y 3Pte Féfab Pyl extdrid i al
cross-sectional view of a liq uid crystal display device in another aspect
of the pre sggt imve%tion. Q036] FIG 7 is a cross-sectional view of a
step port1Bn-6f Fﬁ£s|i8&F&4§P§¥1a| di spl ay device of FIG 6. 12 j0037]
FIG 8 is a cross-sectional view of another step portion of the liquid

crystal dij ay vice of FIG 6 038] FIGS. 9A to 9C ar arti al

Cr s sedBihl FRASIE £a0.5h ERSoRhcand Aigp dvetetnBiing iands
steps and inverted steps, diagrammtically show ng the aligned state of a
li quid crymtthel agepnd Gd3¢ctHlad .- 10 is a plan view of a liquid crysta

di spl ay device of an exanple of the present invention. [0040] FIG 11 is a

cross-sectional view taken along line
[0024] The pretilt direction of liquid crystal molecules

of the liquid crystal layer may be parallel to the first

direction.

[0025] Alternatively, the liquid crystal display device of
the present invention includes a first substrate, a second
substrate placed to face the first substrate, and a liquid
crystal layer interposed between the first and second sub-
strates, the 1liquid crystal layer containing a chiral
dopant, wherein the 1liquid crystal layer includes: a
twist-aligned region exhibiting 180-degree twisted align-
ment during non-voltage application; and a splay-aligned
region exhibiting splay alignment during non-voltage ap-
plication and bend alignment during voltage application,
to be used for display, at least one of the first sub-
strate and the second substrate has a plurality of steps
each having an upper face, a lower face, and a side face

connecting the upper face and the lower face on the sur-



11A-11A of FIG 10. [0041] FIG 12 is an enlarged plan view of three pixel
re gions of the liquid crystal display device of the exanple. [0042] FIGS
13A to 13D are diagrammatic views denonstrat ing the aligned state of a
liquid crystal layer. [0043] FIG 14 is a plan view of a liquid crystal

di spl ay device of an alteration to the exanple. [0044] FIG 15 is a plan
view of a liquid crystal display device of another alteration to the

| e. 45]- Fl. 16, | : i L.igyi d ' i
of ot arter EAea Fik” AR K e Pophlh L ERET LA R BT 50

aliquid crystal display 13 device of yet another alteration to the
exanpl e. ToDUT} Fsciormgdj abeviel dihe/i @PoF &arpguiof dbsstrlurbptdyodevi ce
of yet another alteration to the exanple. [0048] FIG 19 is a plan view of

a liquidgress pl athiassptiay demisre Of i ieéd ar@ldiein alikeredinedt audie exagpl e.
[0049] FIG. 20 is a plan view of a liquid crystal display device of yet

th | t ti to t |l e. [.0050] _FI . 21A 1D i
Genonet r AT a8PER (3 nHEF oM L aP R S SHiyat OO (150 BHOFBLERT: ti ve
resin layer, in which FIGS. 21A and 21B illustrate forma tion of inverted

st eps andilE€ep2l1tngdudelR ifloustr stepf @nvhtd onegbndorstwEp stEps. sLG651]
FIGS. 22A to 22D are views denonstrating a step formation nethod using a

positive dyRe PPOLRECRSLELVRtegSinhd aYRr an'gmewe&%éai@g; FPA @eh 228-

illustrate forma tion of normal steps and FIGS. 22C and 22D il lustrate for

mati on of inverted steps. DETAILED DES TI ON OF THE | NVENTI ON [ 0052] The

Tautd CrRAET bips ey At e 8P uh T kBt S108 face OF the  s6CoRd
step has an angle less than 90° with respect to the lower

face.

[0026] According to another aspect of the invention, a
method for forming inverted steps and normal steps simul-
taneously is provided. Each of the steps has an upper
face, a lower face, and a side face connecting the upper
face and the lower face. The face of the inverted step
has an angle less than 90° with respect to the lower face,
and the side face of the normal step has an angle exceed-
ing 90° with respect to the lower face. The method in-
cludes the steps of: preparing a substrate having a high-
reflectance region on the principal plane, the high-
reflectance region being higher in reflectance than the
surrounding regions; forming a photosensitive resin layer
on the principal plane; and exposing the photosensitive

resin layer to 1light via a mask having a light-shading

10



invention is an optically conpensated bend (OCB) node |liq 14 uid crystal
di spl ay device, which uses bend alignnment of liquid crystal nol ecules for
effecting display and, pref erably, can provide both the high-speed
response charac teristic and the wi de view ng angle characteristic. First,
the display principle of the liquid crystal display device of the present
invention wll be described with reference to FIG 1. [0053] Aliquid

crystal |pyeti8n iaierposedghet weanshiittirandpseears suhstd apesdetid 6
facing each other, |ncludes a nematic liquid crystal naterla (Np material)

having p e d| | ectri sotr and hlral pant . The directions
R1 and F\>2rﬁ 'fL‘ |ngan it ‘reg hjengﬁ? ?gces tﬁg s%%t EBEY, and

6 facing the liquid crystal Iayer 8 are parallel to each other. Wth the
al i gnnmentstepal atsiing frefkeohetdhd ighfstfer $hef dviegh-meftéctancypirecal |y
provi ded by alignnment filns (not shown), the aligned direction (pretilt
dlrectlonélgﬁ liquid crystal nolecules 12 is regulated. The angle B of the
liquid crystal no lecules with respect to the substrate surfaces is called
a pretilt angle. The liquid crystal layer 8 subjected to the alignnment

regul ati opoggscr ipped ﬁ@@lﬂer@fﬁ'e@tta%c%o' %lég%'o'ngnﬂgnt zééﬁéréﬁl iny F g‘étez)

when the pretilt angle i's 45 or less. The |qU|d crysta dlsp ay device of
t he 15 resent inventiaqn uses bend ali ) G__1) of the
auia orPAREr PayBlits MR cEr ng HrBBPly 13 hee STHAE oo the Brinls bond
alignnment, the splay alignnment is transfornmed to the bend alignnent.

Her ei naf tea]l phhape of the substrate.

[0028] The photosensitive resin layer may be a negative
type photosensitive resin layer, the mask may be posi-
tioned so that the light-shading portion is placed above
the high-reflectance region with edges of the light-
shading portion being inside the high-reflectance region,
and the inverted steps may be formed using the reflected

light.

[0029] The photosensitive resin layer may be a positive
type photosensitive resin layer, the mask may be posi-
tioned so that the light-transmitting portion is placed
above the high-reflectance region with edges of the light-
transmitting portion being inside the high-reflectance re-
gion, and the normal steps may be formed using the re-

flected light.
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transformation will be described. [0054] Wen a voltage is applied to the
liquid crystal |ayer exhibiting splay alignnment, the alignnment of liquid
crystal nol ecul es changes. More specifically, after ap placation of a

vol tage, the alignnment changes to two types of deforned splay alignnent.
One type is formed by clock wse rotation of liquid crystal nolecules 12b
existing in a half part of the liquid crystal |ayer 8 closer to the first

substrate 4 fromthe cegRitr OEJUEIBYIEN BF orhgNpRAWINGscal | ed Hup shortly;
see (b) in FIG 1). The other type is formed by countercl ockw se rotation

of liquid crystal nolecules 12a existing in a half part of the liquid crys

tal layer[og3g)l osefrd.0 uhejsecHNG idfrsdnndei & Wiy t bRt t {ddH tHe/pe of
alignnent is called Hdown shortly; see (c) in FIG 1). [0055] Thereafter,
with further influence of. the_electric field, in the regjon qf Hu

A gnnent LB LBY ERAGHRIG Sy 4ne g Eetrvriate WS Aorith o
existing in the 16 hal f part closer to the second substrate 6 are rotated
count er cl tekwhresesd timumentionegion is transforned to the bend alignnent
(d). Likewise, in the region of Hdown alignnment (c) of the liquid crystal

| ayer 8, liquid crys tal nolecules existing in the half part closer to the
fir st suf83tlat e FAGar e2A oiat ed palmdcied splasovikat afhea r djgquadi srysdest or med
to the bend alignnent (d). In the process of the transformation fromthe

Hup or HdgwepabiygaeRiicd Oid F@n@eagﬁabic%@%e PprdLest " eAgRtdonc! idiad i on

is gener ated between the Hup or own alignment and the bend alignnent. As

this disgéi&g;% géigi%é%rP%gqus d-g#%gngge&e%%%%ngx (ggg.lEQQSQﬁyMﬁgn t he

vol t age

of FIG. 2A.

[0032] FIGS. 3A and 3B are diagrammatic views demonstrat-
ing transformation of the alignment of a liquid crystal

layer.

[0033] FIGS. 4A and 4B are diagrammatic views demonstrat-
ing splay-bend alignment according to the present inven-

tion.

[0034] FIG. 5 is a diagrammatic view demonstrating splay-

bend alignment of a comparative example.

[0035] FIG. 6 is a partial cross-sectional view of a 1lig-
uid crystal display device in another aspect of the pre-

sent invention.

[0036] FIG. 7 is a cross-sectional view of a step portion

of the liquid crystal display device of FIG. 6.
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tion to the bend alignnment, the liquid crystal nolecules do not directly
return to the splay alignnment, but exhibit 180-degree tw sted alignnment as
shown by (e) in FIG 1. This transformation fromthe bend alignnent to
180-degree twi sted alignnent continuously occurs w thout generating

di sclination. On the contrary, transformation fromthe 180-degree tw sted
alignnent to the splay alignnent pro ceeds gradually with generation of

di scli nat} [ O ] ferring to FIG 1,. considering the enent ,of 17
the 11 quitP y ot B Ehoibc §Fed® AGFPRG -8 WHHoT of RE¥ R | PORIRE HeP
alignment (b) or Hdown alignnment (c) to the bend alignnent (d), it is
under st opdrjeicretef chheylipat dnoinysilads diezplanedéviieef afef Ikaviing

accurnul ated distor tion are transforned to the bend alignnment by rotation.
The 180-degree twi sted alignnent (e) is also transfornmed to bend ali gnnent

as (d) wil038hppl FEESi. 0RRoftcarP@laiee rpertialdcreswes@ct idnal tvyaawsordat i on
fromthe 180-degree twi sted alignnment to the bend alignnent is different

from t he asspi aynbantcaysgamenti dgensf aefaldedMahony Mokmdlt & Heps | Andhe
point that the fornmer is acconpanied by tw st ing. [0058] For the

transformati on fromthe Hup _al i gnment or, Hdown ali gnnent ) to.the
bend al | GOYSHESS pEPPEal dlAtFAAT RS thly cShRISHS, SRS PEreRnd SHaks <
vertical to the plane of the figure, and a large energy is required for
this rotatfi en.liguidecryatrdr tayehs transformati on fromthe 180-degree

tw sted alignment (e) to the bend alignnent occurs when the liquid crystal
nol ecul es gradu ally rise vertical to the substrates 4 and 6 while tw st

i ng aroub@3@h axFEGved cid aopilhs silest raff e 4igndds.crifaialt Adsplay
transformation fromthe 180-degree tw sted

device of an example of the present invention.

[0040] FIG. 11 is a cross-sectional view taken along line

11A-11A' of FIG. 10.

[0041] FIG. 12 is an enlarged plan view of three pixel re-

gions of the liquid crystal display device of the example.

[0042] FIGS. 13A to 13D are diagrammatic views demonstrat-

ing the aligned state of a liquid crystal layer.

[0043] FIG. 14 is a plan view of a liquid crystal display

device of an alteration to the example.

[0044] FIG. 15 is a plan view of a liquid crystal display

device of another alteration to the example.

[0045] FIG. 16 is a plan view of a liquid crystal display

device of yet another alteration to the example.

[0046] FIG. 17 is a plan view of a liquid crystal display
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alignment to the bend alignnment is snooth. 18 [00S9] In general, when a
splay-aligned region is in con tact with a bend-aligned region, the splay
alignnment is transforned to bend alignnment in a manner that the contact
portion expands with application of a voltage. Therefore, the existence of
t he bend-aligned region itself is consid eyed a f actor for snooth
occurrence of the transformation. For the reasons described above, it is

br esured 4 gl oL NGet L ARSLALERLLON AGEU &1 S0OL LY DY sl 180 degr ee

tw sted I gnien a nucleation si ranstor mat [ 0060] The
present inventors fabricated a liquid crystal cell including a liquid

crystal | hayi-pg ven i.C AN NR sl g | 56 r.ial
with a cl{??‘gil’] dogg?ﬁ' f’r‘irhxe tﬁepg?‘ﬁ V\Kggé’?n?gc eglldr?qllahcejcﬁ%%%% grggéﬁ'gl&acel |,
to exam ne the aligned state. As a result, it was observed that the thick
portion dteYiee| pHuvatcapoitiien AldreTeahior 1@ 1BO- BE¥FMPAe-wi st ed al i gnnent
while the thin portion thereof exhibited splay alignnment. It was al so
observed that a 1/2 strength disclination was gener ated between the

spl ay- al i[B%E] r elon A thea 1BdaBe i t OF sB- ALY s ol FAEPIRYWen a
voltage is gradually applied to the liquid crystal cell described above,
first, thetidekot8fedegheahtys alitdrsdtbdn ghedthegesampflet.ne |iquid crysta
| ayer is trans forned to bend alignnent. Subsequently, the thin splay
aligned region of the liquid crystal layer is transforned to Hup or Hdown
spl ay al i[godBdnt . FEGQ62)0 Tiher @abplian, wiwar doSchi ddigudd bhetyeenl t Aespl@ydegr ee

device of yet another alteration to the example.

[0050] FIGS. 21A to 21D are views demonstrating a step
formation method wusing a negative type photosensitive
resin layer, in which FIGS. 21A and 21B illustrate forma-
tion of inverted steps and FIGS. 21C and 21D illustrate

formation of normal steps.

[0051] FIGS. 22A to 22D are views demonstrating a step
formation method wusing a positive type photosensitive
resin layer, in which FIGS. 22A and 22B illustrate forma-
tion of normal steps and FIGS. 22C and 22D illustrate for-

mation of inverted steps.

DETAILED DESCRIPTION OF THE INVENTION

[0052] The 1liquid crystal display device of the present

invention is an optically compensated bend (OCB) mode 1lig-
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tw st-aligned region and the Hup or Hdown splay-aligned region starts to
shift to the side of the splay-aligned region, transformng the Hup or
Hdown spl ay-aligned region to bend alignnent. In this way, the bend-aligned
regi on expands into the splay-aligned region. [0063] As described above,
the 180-degree tw st-aligned region serves as a nucleation site for
transformati on of the splay- aligned region to bend alignnent, so that t he

spl ay- be’ﬁ%d‘" J:E geay d&lé%‘f‘as% c%ry%ﬁi?ﬂxaﬂ%ﬁaé SpSHROLA ! é;rﬂﬁéri’"& ng

Thus, |qU| crysta Vi ce t he present invention uses t he
180- degree tw st aligned reglon as a nucleation site for start of the

t r ansf or AetdWifl t BTBE élaMQ$ﬁﬁ?&eSaﬁﬂru§@§QQR%%%n@l§Pﬂ§H feHl . f BFef-
effecting display. [0064] Next, the configuration of the liquid crystal dis

pl ay devieaxmandfy t heapr qsmxtid@vebttirpntmél Ih ilegh -dgseead bed spbd@ed] charat-, a
liquid crystal display device 2 in the 20 first aspect of the present

i nventio dd. b C e t re G 2Ais a
parti al %%%%ﬁ%§ié$§ Eﬁg Qﬁé%dQéFSL% I%? ng?gérgggand F é?%ﬁ3|s a
Cross- sectlonal view taken along |ine 2b- 2b of FIG 2A In FIG 2A

i |1 ustratthen dfsplagcprinsibder afe Bre slbanidegrystadi dilspiawt ﬁ@ﬁlCP0066]

As shown in FIG 2B, the liquid crystal display de vice 2 includes a first

substrat @, thdepeecend SUbadd@dén bwBhacesd t@ebasenbhe Wilthstrepdsbhake 4,
and a chiral dopant contained liquid crystal |ayer 8 interposed between the

first an& &%gg ubstrates 4 and 6. The liquid crys tal layer 8 has a
plurality™o i'ons different in thick ness, such as a region having a
t hi ckness of dl (region T) and a region having a thickness of d2 (< dl)

(region %053] A liguid crystal layer 8, interposed between first
and second substrates 4 and 6 facing each other, includes
a nematic liquid crystal material (Np material) having
positive dielectric anisotropy and a chiral dopant. The
directions R1 and R2 of alignment regulation on the sur-
faces of the substrates 4 and 6 facing the liquid crystal
layer 8 are parallel to each other. With the alignment
regulating force on the substrate surfaces, which is typi-
cally provided by alignment films (not shown), the aligned
direction (pretilt direction) of ligquid crystal molecules
12 is regulated. The angle 6 of the ligquid crystal mo-
lecules with respect to the substrate surfaces is called a
pretilt angle. The ligquid crystal layer 8 subjected to
the alignment regulation described above exhibits splay
alignment (see (a) in FIG. 1) when the pretilt angle is

45° or less. The liquid crystal display device of the
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for exanple. [0067] The amount of the chiral dopant mxed in a |liquid
crystal material is set so that the pitch p of the sponta neous heli cal
structure of the Np material with a chiral dopant and the thickness d2 of
the liquid crystal layer in the region S satisfy the relationship d2/p <
0.25 and that the pitch p of the Np material and the thickness dl of the
liquid crystal layer in the region T satisfy the relation 21 ship 0.25 s
di/p s 0-;71_5ev\%t§¥t“i‘h§eﬁ%tibhngnsé§‘eb 881 @ 1 b i (§eé8Qage9L_rrﬁer.s&sd

al i gnnment’, ile the region S exhibits spltay alignnment, during non-voltage
application. Wien_ a voltage . is applied, the region S exhibits bend
aIignnenﬂ?fwﬁ?%thguﬁgeHrﬁéFa&i§§$ i Forneffe Gl % ARt a%i spFR§Taevi ce
2. The d2/p of the region Sis preferably 0.125 or |ess, nore preferably
0.1 or |eBsre Wtd dteadh ahenttynidlakbghhent,d2he fspldthealgheens, is
reduction in the brightness of the display area is prevented. [0068] As
shown in e gi T ei alle I west-al

regi on T)ﬂ: %v?gn(gh{l%g t c?cktil}gess éﬁwl nclud @%ngfuraﬁ?(%%g%%%?%gf 9Age

tw st-aligned regions Tl ex_tending in a first direction and a plurality of
second twWEAnefoARBiPRgVEAL P2 dasHitRAin a second direction. The region
S (hereinafter, called the splay-aligned region S) having the thickness d2
includes a plurality of first splay-aligned regions S1 and a plurality of
second sﬂpﬁ%]al i Yhed ragveddage Tise appPifedpl &y - Aihggnddapdgi ofsYstakave a
first wwdth WL in the second direction, and the second spl ay-aligned

regi ons Sajeweefhsbtoidgwigiiay?astighivent, hathé halfighment dith YWiquadt he
second direction. The plurality of ffirst splay-aligned regions Sl include

at least 1P fl{ShoiRlciMed | BHEAGERY! ONMRort CPWEFE£8al 9ye2ilEter ap-
plication of a voltage, the alignment changes to two types
of deformed splay alignment. One type is formed by clock-
wise rotation of liquid crystal molecules 12b existing in
a half part of the liquid crystal layer 8 closer to the
first substrate 4 from the center (this type of alignment
is called Hup shortly; see (b) in FIG. 1). The other type
is formed by counterclockwise rotation of liquid crystal
molecules 1l2c¢ existing in a half part of the liquid crys-
tal layer 8 closer to the second substrate 6 from the cen-
ter (this type of alignment is called Hdown shortly; see

(c) in FIG. 1).

[0055] Thereafter, with further influence of the electric
field, in the region of Hup alignment (b) of the liquid

crystal layer 8, liquid crystal molecules existing in the
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22 other via the second splay-aligned region S2. [0069] In the liquid
crystal display device 2 in the first aspect of the present invention, the
twist-aligned region T and the splay-aligned region S of the liquid crystal
| ayer 8 are formed by adjusting the thickness of the |iq uid crystal |ayer
8. The twist-aligned region T is first transfornmed to bend alignnment during
vol tage application. Wth the transforned region T serving as a nucl eation

site, thengpFayp=atd gaedseedi 86 FHe beaBaliorswdstealbends abirgn fBBhtedhe
exi stence of the nucleation site facilitates the transformati on of the

| ay- al d S.f h I i b
Che tw StoORT BREHLPELIHCT 150 St LR cHODRBANdS dohd H Tes FBOTOF In
the liquid crystal di spl ay device 2 described above, the tw st-aligned

regi on T kendheligrinsnt o{&)ite | htkewWdset heinecom tregitoml iogneddpwgi ons
T2 extending in the second direction, in addition to the first tw st

al i gned regi gifedt gehens Nehé 14 he 1k Sy A LCLh9Rr B SLenphl earlyrt her

swift and reliable transfornatlon of t he "spl ay-aligned region S fromthe

splay ali nt_to bend all e rea n wi |l he described as_ follows
Wthof SPEhBOLBORIES. SRASHIR BN Jie hobe1 PRGSO sy SBe atdr-

di agrammati c views denonstrat ing transfornatlon of the alignnent of t he
| i qui d cre/ist abbbkayarte Theakequickatrest allobhydiseshosw ithafl GheAregdbudes
the splay-aligned region S, the first twist-aligned region T1 and the

second t"!éttfhhgﬁ‘égméﬁgi }%?I BehaC A RYriH: [aF. SESNWE frbbavid
crystal layer 1nc Ing only t
of the transformation from the Hup or Hdown alignment to
the bend alignment, a 1/2 strength disclination is gener-
ated between the Hup or Hdown alignment and the bend

alignment. As this disclination shifts, the bend-aligned

region expands.

[0056] When the voltage is removed after the transforma-

tion to the bend alignment, the liquid crystal molecules
do not directly return to the splay alignment, but exhibit
180-degree twisted alignment as shown by (e) in FIG. 1.
This transformation from the bend alignment to 180-degree
twisted alignment continuously occurs without generating
disclination. On the contrary, transformation from the
180-degree twisted alignment to the splay alignment pro-

ceeds gradually with generation of disclination.

[0057] Referring to FIG. 1, considering the movement of
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splay-aligned region S and the first twist-aligned region T1. [0072] In the
case of FIG 3A, in which the liquid crystal layer includes the first and
second twi st-aligned regions Tl and T2, a region subjected to splay-bend

al i gnment transformati on expands in the first and second directions using
the first and second twist-aligned regions T1 and T2 as the nucl eation
sites . On the contrary, in the case of FIG 3B, in which the liquid

crystal taxeriigghddesr98lt¥it hgoflbbst el durdlnned e ediram kbt ¢ £5H ON
subj ected to splay-bend alignment transformation only expands in the first

direction. In this_way, .the regio ubjected to spl ay-bend alignnment
transf or Pmoﬁqﬁnﬂ%Rpéﬁ&qqﬂqﬁhhgbipHQPQéaﬁﬂeéiﬁgﬁ ?Sﬁﬁ$e%9M?n?y and
nore reliably when the liquid crystal layer includes the second

twi st - al bgndd akipgmmei? i{dpddiitti obst aurtderdtost tgecietdrigaellyr egian T1.
24 [0073) In the liquid crystal display device 2 shown in FIG 2A, the

two adj aggn List a i IbQNSH S} e%ﬂﬁg o] a§1{}: t her
via the sec%ﬁgﬁggléy?a iéﬁ%% ?g%gfgﬁgé%. I%g%? er wor s%ggﬁé #ﬁ%s 2
splay-aligned regions S are not isolated fromeach other with the second

twist al F4RBd 3%R)i &F&rELomMAd ateopahe | Pensh nrdigarredn Phe RAtE i hicent

second twi st-aligned regions T2 in the second di rection. This ensures

occur r entreofl ghaisprey - herld tald galmgnmentanssd pr st i @Dso N tifae sHyayedl | gned
region S. The reason will be described as follows with reference to FIGS.

ol ural i S0 ot tigpiEn) M (8 TRiEn  BIELARITNN by B, YAl °

spl ay-al igned regions S2. The adjacent_ first spl%y-ali ned regions Sl are
conti nuofidet8.eachowever, this transformation from the 180-degree

twisted alignment to the bend alignment is different from
the splay-bend alignment transformation shown by (a) to
(c¢) in the point that the former is accompanied by twist-

ing.

[0058] For the transformation from the Hup alignment (b)
or Hdown alignment (¢) to the bend alignment, the liquid
crystal molecules must rotate around an axis vertical to
the plane of the figure, and a large energy 1is required
for this rotation. On the contrary, the transformation
from the 180-degree twisted alignment (e) to the bend
alignment occurs when the liquid crystal molecules gradu-
ally rise vertical to the substrates 4 and 6 while twist-
ing around an axis vertical to the substrates 4 and 6.
Thus, the transformation £from the 180-degree twisted

alignment to the bend alignment is smooth.
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ot her via the correspondi ng second spl ay-aligned region S2. In other words,
the second splay-aligned region S2 con nects the adjacent first

spl ay-aligned regions S1 to each other. On the contrary, a liquid crysta
layer in FIG 5 as a conparative exanple includes no second spl ay-aligned
regions S2, but includes the ffirst splay-aligned regions S1 independent of
each other. In other words, the second tw st-aligned regions T2 separate

the firsfoosyl ay-ml i geaedrad, whed ehssPlayramigaed aidigion [0973h Sl es of
liquid crystal layers having the struc tures diagrammtically shown in

crysial Fagh v opbcledcaT soRRl roIaRon e BRRn T nrramRER o3 T

the liquid crystal layer shown in FIG 4A the follow ng was observed. As
shown i ntFaEstgBmedy ¢ip ierdnalignsenspliny salmapner regabnthe centadt n
spl ay-bend align nment transformation for sone reason, a region exhibiting

bend al i ggareRbnIexitidy wieRNEgE1icamianoidtera fysptagd! ay Thler@iesd-d egi on
S1 already subjected to the splay bend alignnment transformation. After a

| apse of certain time, the entire Liquid crystal |]ayer_was transformed to
bond al | BRReACLAGSA o6 The BehErary et ciRdidh i B¥E 6 oRh S hown
in FIG 5, if sone first splay-aligned region S1 failed in splay-bend

al i gnmeneredansff@otay ofert smotih| edchirrenasp| el - tih¢ ghrdnsdgromtdomvas not
finally transformed to bend alignnent. As a result, in this liquid crystal

layer, ifopasHOtrfRS8HE! AdANST abByvENe Nt L 5e pHeRindda atRatt aend
alignment. [007$J As described above, it was found that the splay 26
transformation occurs smoothly by using 180-degree twisted

alignment as a nucleation site for transformation.

[0060] The present inventors fabricated a 1ligquid crystal
cell including a 1liquid crystal layer having an uneven
thickness. An Np 1liquid crystal material with a chiral
dopant mixed therein was injected in the 1liquid crystal
cell, to examine the aligned state. As a result, it was
observed that the thick portion of the liguid crystal
layer exhibited 180-degree twisted alignment while the
thin portion thereof exhibited splay alignment. It was
also observed that a 1/2 strength disclination was gener-
ated between the splay-aligned region and the 180-degree

twist-aligned region.

[0061] When a voltage is gradually applied to the liquid

crystal cell described above, first, the thick 180-degree
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bend alignnment transformation occurred in the splay aligned region S nore
reliably by connecting the two adja cent first splay-aligned regions S1 via
the second splay aligned region S2. [0079] The pretilt direction of the
liquid crystal nolecu les in the liquid crystal display device 2 (Rl and R2
in FIG 1) is preferably parallel to the first direction when the first
direction is the horizontal direction (as is viewed fromthe observer

Vi ewi ng i.sRls .~ n t 4 qui S i spl i ce,

t he hori{z:g%tsgl %gi@?’ee?ii o T%At?/%i gia;%l yit 1 Blysta) %%{’ﬁgl s gcé‘”tagf%/i nes ex
tend. By settinqg{he pretilt in this way, the tw sted alignnent can be

mai nt ai nEATRBAe & aBFPd M IMNIRNE he SPIRSREERRItEY i griihent thiBnsmdatt i on
occurs nore reliably. The pretilt direction of the liquid crystal nolecules

can be cenigakliedegidhtbe rhlebiNgnefd abrgprant ifaytdw ior rRén¥Fdheed
surfaces of the substrates facing the liquid crys tal |ayer, for exanple.

[ 0080) xt ligwd crystal _display device 3 in the sec and aspect of the
pr esent ﬂnggiSE ﬁanQMfgéh%r?gg%nﬁfPﬁ'reference to FIGS. 6, 7 and 8

FIG 6 is a partial cross sectional view of the liquid crystal display

device 3; d 2 FIGS 7 apd 8.are.cross-sectional views.aof e ortions
of the |£08§?]d crysta ac%eélfﬂ a@%&%@&%ﬂ %dﬁgﬁ]coelﬂ%e??qtﬁﬁ &%ys'?llzﬁgprcﬁ[)%pl ay
device 3 includes a plu rality of steps 20 on the surface _of at |east one
of firsttuh8tsaddaaesibEesiers apdndhe f HePnge HAPWN &Pyevaleligrad Each
of the steps 20 includes an upper face 15, a |lower face 14 and a side face
21F or 2d&ggennestdrgst k® shift to the side of the splay-aligned

region, transforming the Hup or Hdown splay-aligned region
to bend alignment. In this way, the bend-aligned region

expands into the splay-aligned region.

[0063] As described above, the 180-degree twist-aligned
region serves as a nucleation site for transformation of
the splay-aligned region to bend alignment, so that the
splay-bend alignment in the 1liquid c¢rystal layer is
smoothly attained. Thus, the liquid crystal display de-
vice of the present invention uses the 180-de§ree twist-
aligned region as a nucleation site for start of the
transformation to bend alignment, and uses the bend align-

ment for effecting display.

[0064] Next, the configuration of the liquid crystal dis-

play device of the present invention will be described.

[0065] First, a 1liquid crystal display device 2 in the
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upper and lower f aces. The step 20 is fornmed so that the thickness of the
region of the liquid crystal |ayer |ocat ed above the |ower face 14 is dl
and the thickness of the region of the liquid crystal |ayer |ocated above
the upper face 15 is d2. That is, the splay-aligned region Sis forned
above the upper faces 15 of the steps 20, while the twist-aligned region T
is formed above the |lower faces 14 of the steps 20. [0082] The steps 20

i ncl ude first sagpscRObsShene ipr&dsé&nt 7 iarnvekrariconndwitlapsb@0Aedvibéd FI G
8, which are differ ent in shape fromeach other. That is, the angle aof

the firsg.ste qg{@' defin b he r ce.l he side
face ZlF{m'i%g1 gcrss%b us%gaEéIGeFIebxsc'ee%il&ngggoyzé' Thgegsep{%f f%hlgs%s@randraéplea‘-:"}s
called a normal step. The angle a of the second step shown in FIG 8,

def fi nedPhgnt Ndevovrr e liquédlgraysdalhalispikay adevies, 2i.s aad dtlifie angl e

|l ess than 90 . The step of this shape is called an inverted step. [0083] As

shown in2Bl Gs 4 Wrdss-sbiétDenAAN-wdY agakapP| 416A41 Alind hapL @8 onse above
the |l ower face 14 and the upper face 15 of the step 20 are the

tw st -al L,gpned redgi T.an0d e spl,ay-aligned region S, respectively._ A
boundar ybgaéxi2 s %\/\%@@t%gsﬂiﬁ&)‘/‘y%ﬁ J* r¥i Bn°e°RRY SR sﬁﬁ'ag"té/aﬂ gned
region T. In the normal step 20F shown in FIG 7, the boundary 9 is roughly
at the niddpeigttedhddriginpbifihetipde face 21F, for exanple. In the
inverted step 20S shown in FIG 8, the boundary 9 is at the top edge of the
side face 21S, for exanple. Note that the position of the boundary 9 varies
wi th var[0966] corddi tsloemen siehFas .t BB .t dtheetbawi@, crirethdi ghitspdfant e st ep,
and the thickness of the liquid crystal layer. Wth application of a
vol t age, vibe W sicrhdgsed rragian JuBétiheel igQuithsr ¥ebahd astrfate

6 placed to face the first substrate 4, and a chiral

dopant contained liquid crystal layer 8 interposed between

the first and second substrates 4 and 6. The liquid crys-

tal layer 8 has a plurality of regions different in thick-

ness, such as a region having a thickness of dl (region T)

and a region having a thickness of d2 (< dl) (region S),

for example.

[0067] The amount of the chiral dopant mixed in a liquid
crystal material is set so that the pitch p of the sponta-
neous helical structure of the Np material with a chiral
dopant and the thickness d2 of the liquid crystal layer in
the region S satisfy the relationship d2/p < 0.25 and that
the pitch p of the Np material and the thickness dl of the

liquid crystal layer in the region T satisfy the relation-
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transforned to bend alignment and turned to the bend aligned region. Wth
this transformation, the boundary 9 becones a disclination |ine.
Hereinafter, therefore, the boundary 9 is also called the disclination |ine
9. [0084J In the case of the normal step 20F shown in FIG 7, when a
voltage is applied to the liquid crystal |ayer, the 29 di sclination line
9 shifts in the direction shown by the arrowin FIG 7, clinbing up al ong

the side drpg 61550fsta@/90rm.$§ep 20F. thhat dsptihg, t Wit -Rédpogdm egi on
Tis swiftly transforned to bend alignnment, and the region exhibiting bend

al i gnnment L to & spl ay: aligned .r eql S. 5] e.contrary,
in the ca%}g%]gt?ygﬁel?tr?vgret%grf é;t %lgbggs%g'm&& G ngg\%hé:r?%; %/%P%éﬁetsi S
applied to the liq uid crystal layer, the disclination line 9 stays at the
edge of temhibibestsolavepaRdgnmRespi Mprireg ahpgnydldiage applheation.

twi st-aligned region T and the splay-aligned region S on both sides of the

di scli natynedn | iney81¢agRANged. afpaies, tHe SRAPoR! iIDnednieditd Bend
mai ntai ns the splay alignment irrespective of the transformation of the

h

twi st aligned regjon T.to hend al |gnnent,. 086], FIGS. 9A to.9C ar arti al
ol v vl enhSE ourhach, denrushd SPEE "Bioblev, inyiie Diabid ssvREag
both nor mal side faces 21F and inverted side faces 21S is fornmed on one
substr at eligpbayli dgrvapeat2 .cal Thesld@uwyp tdfe the gmedionats®e b prefquiadhlgr yst al
layer. As shown in FIG 9A, when no voltage is applied to the liquid
crystal l@ygss éPelé§QL0&d¥étﬂﬁbféﬂ&bﬁbeY§t6E'E@éﬁ.f“WEﬁS 8sé&mll @r 30

material small in d2/p for the region S, reduction in the

brightness of the display area is prevented.

[0068] As shown in FIG. 2A, the region T (hereinafter,
called the twist-aligned region T) having the thickness dl
includes a plurality of first twist-aligned regions Tl ex-
tending in a first direction and a plurality of second
twist-aligned regions T2 extending in a second direction.
The region S (hereinafter, called the splay-aligned region
S) having the thickness d2 includes a plurality of first
splay-aligned regions S1 and a plurality of second splay-
aligned regions S2. The first splay-aligned regions S1
have a first width W1l in the second direction, and the
second splay-aligned regions S2 have a second width W2
smaller than the first width W1l in the second direction.
The plurality of first splay-aligned regions S1 include at

least two first splay-aligned regions S1 connected to each
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t hi ckness ( regi on above the upper f ace of the step 20 ) is the
splay-aligned region S, and the region of the liquid crystal |ayer having a
| arger thickness (region above the |ower face of the step 20) is the
twist-aligned region T. The twist-aligned region T and the spl ay-aligned
region S face each other with a disclination line 9 therebetween, and the
aligned states of these regions are kept in equi librium In FIG 9A for
sinplification, the,side fac F and 21S of _the st 20 are represented

by a ner e 1?%5 ‘éf‘?hgglﬁhsteﬁé)f%z Zlgllaepﬁ/ajh]a%%e nT§P&" g%d t he disclination

line 9 is assumed matching with this [ine. [0087] Wwen a voltage is applied

to the Iigrid cryst di.spl ay. devi ¢ escrihed ve, first, . .the..
tmﬁst-ali@ﬁgﬂ reéﬁo% i%&%ﬁ%@t?yy?ﬁggs or i&ﬁiﬁﬁ%%?ﬁa%wﬁétg eaFﬁ&ﬁﬁEnt to
bend alignnment, and the region exhibiting bend align nent expands into the
spl ay- al i ¥pReCEeg@fort® BEesppln inventdonp, tigge tistlidkbigeed| regdon shift
conparatively ea sily near the nornmal side faces 21F, allow ng swift expan

sion of theameOi PReeXdP Day i AYigREE HéGIHENIS OR tﬂeepq&qﬂd/,c&ggrtatlhe
inverted side faces 21S, the disclina tion lines 9 shift 1less easily,

keepi ng the bend-aligned region and the splay-aligned regio changed on
both si desPBFE1 fle ST TR oRYI %Jd’s\‘? PepshEkness %6 Bhe 1of tine
passes fromthe voltage application, the bend aligned regi on expands into

t he spl ayuddi gngdtrdgilayesx 8ept Ther twiskealhgnedt medimrert etlssifdarsftaces
21S as shown in FIG 9C [0088] As described above, by controlling the

shape of {henst6Pmelll t HORS! l@'ﬁfgtrgné‘rpmtaekih e RAN dRSSaph1tBatawpan sion
of the bend-aligned region, transforned fromthe tw st-aligned region T
| ocat ed f¥§ %Rg ngggf%%%%dh%égion T serving as a nucleation site,
the splay-aligned region S is transformed to bend align-
ment. The existence of the nucleation site facilitates
the transformation of the splay-aligned region S from the

splay alignment to bend alignment. Herein, the twist-

aligned region T is also called the nucleation site.

[0070] In the liquid crystal display device 2 described
above, the twist-aligned region T as the nucleation site
includes the second twist-aligned regions T2 extending in
the second direction, in addition to the first twist-
aligned regions Tl extending in the first direction. This
enables further swift and reliable transformation of the
splay-aligned region S from the splay alignment to bend
alignment. The reason will be described as follows with

reference to FIGS. 3A and 3B.
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the nucleation site, into the splay-aligned region S 1o Gated above the
upper face 15 beyond the step 20. In oth er words, it is possible to
control whether to swiftly cause splay-bend alignnent transformation in the
splay aligned region S, or to maintain the splay-aligned region. [0089] In
the liquid crystal display devices 2 and 3 in the first and second aspects
of the present invention de scribed above, the 180-degree tw st-aligned

region T us t nucl ion site for the splay-bend alignment
transforﬁﬁﬁibn ggu?%é §§|Sy%aﬁﬁ%n%ﬁergéﬁ&¥%§méﬁﬁ9|Yb§Wﬁ H5pl ay
device of the present invention is not limted to this. For exanple, as

di scl osedngn tranafwendhient oGatdta caNbgnBeB8E63E, the edianisf arysighl
pretilt an gle may be forned partly in the liquid crystal |ayer to 32 use

this reghggeas t@)é‘@i(?.@iaoﬂr??st:ﬁﬂ Qayidie sibay- PeNgral i gAMBMcIudes
transformation. [0090] I'n the Tiquid crystal display devices 2 and 3 in the

first and, second aspects of the prese i nventjon de.scri.bed above, the
i cknoosngr SPlasdiated redfoRs Sor M dethat TPyl Shr By oagd ERdan
regions of the liquid crys tal layer 8 having a | arger thickness serve as

the tw sTlakngnhddhe epamd. twhet + 2 jigdedr yeigdlondiThl ay aeviorpatishe,
present invention is not limted to this. Instead, the pitch p of the

liquid c talgga y i A b &4 ONSy 1RQT s X &,
i el osei T BB TEDeYs Ry M ey T P e PRy B

predetermned re gion by mxing a chiral prepolynmer in a liquid crystal
| ayer anﬁpﬁéﬁmﬁiﬁaﬂqﬂ)%%%lﬁﬂi%maQQeEBFy %5d§¥?ﬁ5'?ﬂlgﬂ ﬁp ¥ m ned
region by a selective irradiation proc ess, to thereby formthe

tw st-al fgned region T. [0091] Hereinafter, the present invention will be
de

[0072] In the case of FIG. 3A, in which the liquid crystal
layer includes the first and second twist-aligned regions
Tl and T2, a region subjected to splay-bend alignment
transformation expands in the first and second directions
using the first and second twist-aligned regions T1 and T2
as the nucleation sites. On the contrary, in the case of
FIG. 3B, in which the liquid crystal layer includes only
the first twist-aligned region T1, a region subjected to
splay-bend alignment transformation only expands in the
first direction. In this way, the region subjected to
splay-bend alignment transformation can expand into the
splay-aligned region S more swiftly and more reliably when
the liquid crystal layer includes the second twist-aligned

region T2 in addition to the first twist-aligned region T1.
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scribed in detail by way of exanple. The liquid crystal display device
described in detail in the follow ng example uses a nematic |iquid crystal
mat eri al having positive dielectric anisotropy as the liquid crystal |ayer.
It should be noted that the present invention is not limted 33 to this,
but is also applicable to a surface-node (SBD node) nematic |iquid crystal
di spl ay device using a nenat is liquid crystal material having negative

Pat ont MOV ABo6 705, CRbWbyEr L) fraaterad e qorhe s shEE e (e

practicability and the material technol ogy, use of a liquid crystal
mat eri al 2Ravi é@epd%‘ﬂQl pdiarenéct¥1es hnisghavpyl 1 gnpdefradicans ( Blanpre)
[0092] FIGS. 10, 11 and 12 are views illustrating a liquid crystal display

devi ce 180nofecie®x@bPlericd btepr esent thaveddoiy EpGayl@llignedl pe- vi ew
of the liquid crystal dlsplay devi ce 100 FIG 11 is a cross-sectional view

of the liquid yst ay |ce aken al on 11A of FIG
70, and BREn 1S B SRS MOTRan s LT BetBT et doped g eftr o
crystal display deV|ce 100. In FIG 10, a second substrate 6 of the liquid

crystal &i geaynatviiselated Srum teadh amden wWHih tRe skecoyscorwistbstrate
6 and a liquid crystal layer 8 of the liquid crystal display device 100 are

onitted, afig nﬂmééisﬁgl @D, RA9H 4pasBown ifbfhéa Bdtwbba lﬂrmu@w&rystal
di spl ay de vice 100 includes a first substrate 4, the second sub
strate 6 SQQCEP% (koﬁﬁc£% %Laiiéﬁ%dgfégfgéﬁsﬁg Qgt%%e second di-
rection. This ensures occurrence of the splay-bend align-
ment transformation in the splay-aligned region S. The

reason will be described as follows with reference to FIGS.

4A, 4B and 5.

[0074] The liguid crystal layer shown in FIG. 4A includes
a plurality of first splay-aligned regions S1 and a plu-
rality of second splay-aligned regions S2. The adjacent
first splay-aligned regions §S1 are continuous to each
other via the corresponding second splay-aligned region S2.
In other words, the second splay-aligned region S2 con-
nects the adjacent first splay-aligned regions S1 to each
other,. On the contrary, a liquid crystal layer in FIG. 5
as a comparative example includes no second splay-aligned
regions S$2, but includes the first splay-aligned regions
S1 independent of each other. In other words, the second

twist~aligned regions T2 separate the first splay-aligned
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the substrates 4 and 6. The liquid crystal layer 8 is made of an Np liquid
crystal material with a chiral dopant m xed therein. [0094] As shown in
FIGS. 10 and 12 , on the surf ace of the first substrate 4 facing the
liquid crystal layer, a plurality of gate lines 22 are forned to extend in
the row direction and a plurality of source lines 26 are fornmed to extend
in the colum direction, formng a matri x shape as a whole. Switching

el enent sréfabnex@Iplfont kacH idthéran sistors (TFTs)) 25 are fornmed at the
respective crossings of the gate lines 22 and the source lines 26. The
switch ing elenents 25 are connected to correspondi ng pi xel elec trodes 16
made of MO7SANS FHMIlesobduttiiguadedeysedl Aapewsalidwing enamytihides 24
for formation of storage ca pacitances are also fornmed on the first

substr at The, N 4 d; L n ral | i.tsh & h t i hes 22
in a pos?ltllégﬁ Eﬁ(;tac en '?%tigﬁjfjééeﬁ?gé'g{]el+i ﬁggsgz Ogbb] %As‘s(sa%%vﬁglén— FI G
11, a counter electrode 18 is fornmed over.  the entire surface of the second
subst r at 8u6efacidRd theV¢1ER9e ¥agsaRPligfe@acTRs | th@i §ignyet Srvshak 35

8 is driven with a voltage applied between the pixel elec trodes 16 and the
counter ehgeit,08® bbsddvd hipBeEIEnguasi gament. taansFyrmdetong | ayer
(black matrix) 40 is formed to cover the portions corresponding to the
switch ing elenents 25, the gate lines 22 and the source lines 26. The
|'ight-shpd7en | axertk8 13 gei@veiys FAGS1al@ranshdwnf eh S 1®] | AAcatirn of
description although it is actually placed on the second substrate 6.

[ 0096] | Lqui r i spl ice .10 plyral Lty s 20
are forngaigﬁ“)tlhgfug%r a%’tié%%v%?}.e f?%stgﬁ}ss& stl}la&'e:[(%' f{‘a%'f névfehe 31%{ qslsﬁn?

crystal |ayer as shown in )
first splay~aligned region S1 failed in splay-bend align-

ment transformation for some reason, a region exhibiting
bend alignment gradually expanded from another first
splay-aligned region S1 already subjected to the splay-
bend alignment transformation. After a lapse of a certain
time, the entire liquid crystal layer was transformed to

bend alignment.

[0077] On the contrary, in the liquid crystal layer shown
in FIG. 5, if some first splay-aligned region S1 failed in
splay-bend alignment transformation, the failed first
splay-aligned region S1 was not finally transformed to
bend alignment. As a result, in this liquid crystal layer,
it was not possible to transform the entire display area

to bend alignment.

[0078] As described above, it was found that the splay-
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FIG 11. The steps 20 are constructed of a resin layer 120 having a
thickness in the order of 1 to 10 mcrons and grooves fornmed on the resin

| ayer 120, for exanple. Due to the existence of the resin layer 120, liquid
crystal regions having a thickness of d2 are fornmed right above the
portions of the resin layer 120 (upper faces of the steps 20), which are to
be the splay-aligned region S. Also, liquid crystal regions having a

t hi cknespe@l dlal(igri@gnar ettansedrabeient hedmitoed oint heher oasmaw! the
resin layer 120 (lower faces of the steps 20), which are to be the

tw st-aligned region T. Jhe resin.l.a 20 may not . be npl.et el y. renoved
at the ngégé‘Sd %!ﬁgﬁoe%e%s'ggrﬁa§e%éa%ﬁ§equor%%n%#Hli% ?g?i rlfwloa;%qjafzo and
the bottons of the recesses nmay be used as the | ower faces of the steps 20.
[0097] Waenta figtstageplsyapplide¢dacrasionheSli qiiad the ssatohdyepBy he
twist-aligned region T is transfornmed to bend alignnment fromthe tw sted

al i gnmeng j gubgeaeRpitdy sy th the twist-aligned region T transformed to
bend alignment serving as the nucleation site, the region exhibiting bend
alignment swiftly expands into the splay-aligned region S. Tn this way, the

spl ay-al jognof regioprets1riransberi®d toF hapd al4@paestysthe mMdawl | gned

region T as the nuclea tion site for the splay-aligned region S should
preferab out si de. the di.s ar ea. reas is that the

T oar e anbee  rutelf. s tEn: RS sBER HePLeS: 2 IR T SRR s

alignment of the splay-aligned re gion S and the bend alignnment of the
tw st - al F§fed egisorpief@yablyucbayallielt Wicsttlzs | fhedtr ddgirectiion vhén ght
shading portion, therefore, the unifornmity of display improves. [0098]
Referringnko flfstlQitdothén! i1 dne’ YAbRL z8heBNAYdirection (as is
viewed from the observer viewing the display plane). 1In a
TFT type liquid crystal display device, the horizontal d4di-
rection is typically the direction in which gate lines ex-
tend. By setting the pretilt in this way, the twisted
alignment can be maintained more stably, and thus the
splay-bend alignment transformation occurs more reliably.
The pretilt direction of the liquid crystal molecules can
be controlled with the rubbing of alignment f£ilms formed

on the surfaces of the substrates facing the 1liquid crys-

tal layer, for example.

[0080] Next, a liquid crystal display device 3 in the sec-
ond aspect of the present invention will be described with
reference to FIGS. 6, 7 and 8. FIG. 6 is a partial cross-

sectional view of the liquid crystal display device 3, and
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device 100, the twist-aligned region T includes a plural ity of first

tw st-aligned regions 42 and 44 extending in the row direction and a
plurality of second tw st-aligned 37 regi ons 54, 56, 58 and 60 extending
in the colum direc tion. The first twi st-aligned regions 42 are forned

al ong above the gate lines 22, and the first twist-aligned re gions 44 are
formed al ong above the comon lines 24. In FIG 10, the reference nuneral
"42 (22)g

first Cuf 3651 o Bydite 15E8b8aser b CThGvb.itd: ¥l Bhrddrinic

extend continu ously fromeach of the first twist-aligned regions 42 and 44
upwar d a8 benhaad idn oryes teol ubisplagcdevhceMdre spe cifically, the second
tw st-aligned regions 54 and 56 ex tend upward and downward, respectively,
continuously fromeach of the first twist-aligned regions 42. The second
twi st-al iﬂgﬁﬁd r dgicodsiBridngrstale disphey dechigEabdvinchudssuec®lines 26
for each pixel, wth the spacing (pitch P2) equal to the pixel pitch in the

row di reﬁ&_il_QB? BEClyteipd ) SesO0fHet Bustadkl @Fehit EReA8E SAeeWirerding upwar d
conti nuously ron1the first tw st- allgned reglon 42 in eludes a portion 50

I ted ab t h I 26 52 | d
Sui Loht n 81 RIS WA T HSC 88 pohaBE Spobt | A B3T0r  Hd Qb CHYSgy

regi on 54 above the sw tching elenent which is covered by the |ight
shadi ng layer, aBgdterof wthe- @Itiegwedlﬁ eypohudesse@ourmped8 faget Adut a
decreasing the display area. Al so, the second tw st-aligned regions 58 and
60 extentopepardandidownedrs, side face 21F or 21S connecting the
upper and lower faces. The step 20 is formed so that the
thickness of the region of the ligquid crystal layer locat-
ed above the lower face 14 is d1 and the thickness of the
region of the liquid crystal layer located above the upper
face 15 is d2. That is, the splay-aligned region S is
formed above the upper faces 15 of the steps 20, while the

twist-aligned region T is formed above the lower faces 14

of the steps 20.

[0082] The steps 20 include first steps 20F shown in FIG.

7 and second steps 20S shown in FIG. 8, which are differ-

ent in shape from each other. That is, the angle aof the
first step shown in FIG. 7, defined by the lower face 14
and the side face 21F, is an obtuse angle exceeding 90 °.
The step of this shape is called a normal step. The angle

a of the second step shown in FIG. 8, defined by the lower
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respectively, continuously fromeach of the first twist aligned regions 44
| ocat ed above the common lines 24, at the sane pitch P2. Wth the formation
of the first and second tw st-aligned regions as descri bed above, each half
pi xel is roughly surrounded with the twi st-aligned region. [0100] The

spl ay-aligned region S occupies the entire liquid crystal region other than
the first and second tw st-aligned regi ons descri bed above. As shown in

FIG 10, shbe %@'tﬂ@eglﬁégh?‘a%e52'1@| udesahi aehtrapbayial igned fipghons 36
having a first width W in the colum direction and second spl ay-aligned

regions 37 having a second w dth < W) the colum direction. Any two
first spPly-ali Qﬁﬁcﬁ@ §%l§dF§é§ﬁtl?nQﬂ%%?ﬁﬂ?ﬂnFQWe¥E% SReRith t he

first twist-aligned region 44 therebe tween constitute one plxel Any two

first Sphﬁ%éfl ned regi ons 36 adjacent in the row direction are connected
to each t%%o Bedid 5t ay? aPFgfed $Wgind BOR-VOLGELeTHRPR DI ng

direction of allgnnent films (not shown) of the liquid crystal display
devi ce lo@tienprdffes méfyons @drcatd ethev Lbwelre fdigeecl4 oanidn bl alppére gat e
39 lines 22 extend (row direction) when this direction is the horizontal

di rect i 0pabRs 1> of CYRE LA LI SPECEUR tyisut i i diea draBlay Bl Al BY

this arrangenent, since the pretilt of the liquid crystal nolecules Is in
parallel with the rowdirection , the tw sted alla nment can be kept nore

stabl e aftt® R1EN22LHPRFISFRIIEPT grirent SEPERASTY t | orf oBEHPE AT
reliably. [0102] As in the illustrated exanple, it is preferable to place
the firsexsipitay-dtwaen ey osplad-aniyheddisgdhyn aseaandndhpel aoeidthe
second spl ay-aligned regions 37 out side the display area together with the
tMASt'albgﬂﬁge%?region T. In the normal step 20F shown in FIG. 7,
the boundary 9 is roughly at the middle of the height of
the side face 21F, for example. In the inverted step 20S
shown in FIG. 8, the boundary 9 is at the top edge of the
side face 218, for example. Note that the position of the
boundary 9 varies with various conditions such as the tem-
perature, the height of the step, and the thickness of the
liquid crystal layer. With application of a voltage, the
twist-aligned region T of the 1liquid crystal layer is
transformed to bend alignment and turned to the bend-
aligned region. With this transformation, the boundary 9

becomes a disclination line. Hereinafter, therefore, the

boundary 9 is also called the disclination line 9.

[0084] In the case of the normal step 20F shown in FIG. 7,

when a voltage is applied to the liquid crystal layer, the
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gion T. By formng the second spl ay-aligned regions 37 across the
twst-aligned region T, to connect the adjacent first splay-aligned regions
36 to each other, the first splay-aligned regions 36 can be transfornmed to
bend align nment nore reliably. If the wwdth W2 of the second splay aligned
regions 37 is excessively large, the effect of providing the second
twst-aligned regions will not be ob tained. If the wwdth W2 is excessively
smal |, the effect of OVIdI he, second al i.gned regions 37, that

T e BACA AT RONNAEHENG CRLEER, OB Sphay AT BT iR 3 vFRF not
be obtained. In view of these, the wwdth W2 of the second spl ay-aligned
regi ons 3rrovw iheFWth7vadﬁmh1n9tup falrogig sphay sdldegngaice e@ildhsoB6
preferably satisfy the relationship 0.2W s W2 s 0.8W. [0103] The adj acent

first sphay aldgned ge%orm% a’f‘ﬁaEOEQeCt%t@w@@fhai’laﬁédv'x% s, second

splay-aligned re glon 37. Therefore, as dlscussed above™w th erence to
FIGS. 4A, 4B and 5, even if sone first s ligned re gion 36 fails in

spl ay- be%ﬁzﬁVb%ﬁEﬁtqﬁQ%ﬁQQﬁWﬁﬁlﬁﬁ'mﬁn o 198 O t tFQﬁﬁ?ﬁﬁ%ﬂnreglon
gradual Iy expands into the failed first splay-aligned region 36 from

anot her emhdtbispiray - bengneall 1 ggnent 3@exgamdsly itrtanstloe meg ltay ehidgmdd gnnent
via the second spl ay-aligned region 37. In ad dition, in the liquid crystal
di spl ay g% & 00 shown in FIG 10, the second splay-aligned regions 37
are formed~at positions lined in the row direction, indicating that the
spaci ng between the adjacent second spl ay-al i gned regions 37 in the row

di ti ' Wy d 4.
expand | M ne 11+ ST neA™ caore BE Rt RE SBISRTei €% gneo

re gions 37 . . .
20S shown in FIG. 8, when a voltage is applied to the lig-

uid crystal layer, the disclination line 9 stays at the
edge of the inverted step 20S, keeping the aligned state
of the twist-aligned region T and the splay-aligned region
S on both sides of the disclination line 9 unchanged.
That is, the splay-aligned region S maintains the splay
alignment irrespective of the transformation of the twist-

aligned region T to bend alignment.

[0086] FIGS. 9A to 9C are partial plan views of a liquid
crystal display device in which a step 20 having both nor-
mal side faces 21F and inverted side faces 21S is formed
on one substrate, and diagrammatically shows the aligned
state of a liquid crystal layer. As shown in FIG. 9A,
when no voltage is applied to the liquid crystal layer,

the region of the 1liquid crystal layer having a smaller
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[0104] The second tw st-aligned regions 54, 56, 58 and 60 are fornmed to be
continuous with the first twist aligned regions 42 and 44. Therefore, the
first twwst 4Z aligned regions 42 and 44 and the second twi st-aligned re
gions 54, 56, 58 and 60 can serve as nore reliable nuclea tion sites,
conpared with the case that the first and second tw st-aligned regions are
separated from each other. The reason will be described as folloms with

referencettxi] ue%rg é\g5[8n1%§30v[r?gd o%’ Jﬁﬁe&e%a{bé aéffrtﬁéosct (}#}t g9 the

steps on I'norgani ¢ or organ| aV|ng a
t hi ckness in the order of 1 to 10 mi.crons. The energy dlfference bet ween

the 180- déy eBPla¥ sBédoarHgHiRthtomng -t NG prhe Aegieneti Sheotliguidr ge.
Therefore, if the thickness of the resin |ayer varies, or the cell gap

varies, idigshit degyee haviingald gnedgeegito cki@ys nptebeoﬁbtaaidtﬂsi fhe
originally designed depending on the position in the liquid crystal Iayer.

[ 0106] Fqr__exanpl e str regl n having a,thickness of d
formed i n S %?‘&%P% atyeeEF %QSI eﬁl Wﬁggsaefgﬁfﬁ((ﬂa %&)&I
obtain the splay-aligned region S and the tw st-aligned region T,
respect i Idley. twisthalagpedt negtian of ahd tﬁhestsalagneaigegﬁomélgicsn hSgh,
both ends of the twist-aligned region T may return (be transfornmed) from

the tw stredeal 8RB Mt H: tbﬁtﬁplaayafgcllﬁbltgener&l@é §h%féb§{§eeﬁ3A even
in an energy state in which the twi sted alignment and the splay al i gnment

can coexisly dhe Lyistoaligngd egiop, T shoun in FIG I3AIS 1 equs-

librium. In FIG. 9A, for simplification, the side faces
21F and 21S of the step 20 are represented by a mere line
although they actually have an area, and the disclination

line 9 is assumed matching with this line.

[0087] When a voltage is applied to the liquid crystal
display device described above, first, the twist-aligned
region T is swiftly transformed from the twisted alignment
to bend alignment, and the region exhibiting bend align-
ment expands into the splay-aligned region S, as shown in
FIG. 9B. The disclination lines 9 shift comparatively ea-
sily near the normal side faces 21F, allowing swift expan-
sion of the region exhibiting bend alignment. On the
contrary, near the inverted side faces 218, the disclina-
tion lines 9 shift less easily, keeping the bend-aligned
region and the splay-aligned region unchanged on both

sides of the disclination lines 9 as the boundaries. As
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about 20 ~ min wdth and about 1600 ~ min length. [0107] Once the region
exhibiting the splay alignnent is forned in the twst-aligned region T, the
area of the region exhibiting the twisted alignnent gradually de creases in
the twist-aligned region T as shown in FIG 13B, and finally, the entire
tw st-aligned region T exhibits the splay alignment. That is, formation of
the tw st aligned region T as the nucleation site for transformation fails.

The abovegongl 59@%;{ PSPRE! ¥o118q0" Jiin ddlttaR) | iRl pegaon T 1

hi gh" is speci |cal e aspect rati tw'st-aligned region T
exceeds 80:1. It has ,been confl rmed from observation results that when the
aspect r @& esgIiom 19XpaRds stiaf @ Bhet P kay R EhIRed gdiaditomnext he
splay alignment is difficult. It has al so been confirmed from observation

resul ts td@it coexi ant afeda olearheHev Sivsrebdgpmast rardd NELSPAaysBbivANMENL
IS difficult when the width of the twist-aligned region T is about 10 ~ m

or |ess, ec% ve of the aspect ratio. [0108] To solve the problem
descri be(f' above & pre 43 sent inventors formed a tw st-aligned region
T as shown in FIG 13C, which is essentially corrposed of a stripe-shaped

first el | 998 qRQl QR B BAANTIAP L0n2-bh i Tholiures Jig0, a0 pRgond

twist-aligned regions ext ent ng ‘coir t T AUOUS

twi st-aligned region Tl in_a second direction crossing the first direction
(preferafibePatiti §ht P&ﬁ@ll@é)e t&s ePrigsl t thet eagdngissefedthdaXpaR-
transformation fromthe twisted ali gnment to the splay alignnment, starting
at both eyidsn ofoft haHd r HerddMaSli glé@natbdogh On tlaRsc6havEa | BrbhG tA8C, if

any, stopped at the crossings of the first twist-aligned region T1 and the
second ”@ﬁ%ééﬂéﬂfggeéegh%ﬁ ﬁT%fﬁbéQQ&H B%Jaéatﬁgtiower face 14 as
the nucleation site, into the splay-aligned region S lo-
cated above the upper face 15 beyond the step 20. In oth-
er words, it 1is possible to control whether to swiftly

cause splay-bend alignment transformation in the splay-

aligned region S, or to maintain the splay-aligned region.

[0089] In the liquid crystal display devices 2 and 3 in
the first and second aspects of the present invention de-
scribed above, the 180-degree twist-aligned region T was
used as the nucleation site for the splay-bend alignment
transformation of the splay-aligned region S. The 1liquid
crystal display device of the present invention 1is not
limited to this. For example, as disclosed in Japanese
Patent Gazette No. 3183633, a region of a high pretilt an-

gle may be formed partly in the liquid crystal layer to
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[0109] Accordingly, in the liquid crystal display de vice 100, in which the
second tw st-aligned regions 54, 56, 58 and 60 extend continuously fromthe
first twist-aligned regions 42 and 44 and al so cross the first

tw st-aligned regions 42 and 44 at right angles, these twist-aligned re
gions can serve as nore reliable nucleation sites for transformation.

[0110] A preferred spacing between the adjacent second tw st-aligned

regi ons higenashd SPegxafll Agd.tnienspdghhdobetgmeen he ;@ﬁieaféiﬂ!a%ﬂﬁ@rﬁ@
tw st-aligned regions T2 (P2 44 in FIG 13C) was varied, to observe the

coexisting:state of tq9;%“ﬁ5t§9 alignment and the splay alignnent in the
first and <&C8KRR % FRRsh R ?%gions Tl and T2. The ob nervation results
are shown in Table 1 below. Table 1 Pitch P2 of 5010020040080010001600T2(

um Coexi sti,n90~0 Xstate [0111] As _.showp.in.Table 1, it s_found that
when theﬁgﬁigh I#‘Dgft?‘?hehs bhd 'Sﬁqqaraﬁﬁgaaye R0 i ) :gsalégog ~h or
| ess, the twsted alignnment and the splay alignnment coexisted stably. It

was al sotheuntitsiat anfiesecioadpidaspedes 0bft Hdesguossenti dnventgrmed degi ons
T2 was in the range of 400 to 1000 ,~ m, it was |less easy to keep the

coexi s tepeq g tfodaM sted ahigrmeals d (e sphayaakkrgammnt .1 rtge
transformation to the splay alignnment was sup préssed to sone extent due to

exceoded edo0 L ChPRBELT s Foncd st BB EPALE ordieknend TG i EF T gnmrent
and the splay alignnment. The entire of the first twist-aligned region T1
and the sedondhyes s8- hbhvgngd a45larger thickness serve as the twist-

aligned region T. The 1liquid crystal display device of

the present invention is not limited to this. Instead,

the pitch p of the ligquid crystal layer 8 may be varied

with positions. For example, as disclosed in EP 1124153

A2, the pitch p can be made smaller in a predetermined re-

gion by mixing a chiral prepolymer in a ligquid crystal

layer and polymerizing the chiral prepolymer existing in

the predetermined region by a selective irradiation proc-

ess, to thereby form the twist-aligned region T.

[0091] Hereinafter, the present invention will be de-
scribed in detail by way of example. The liquid crystal
display device described in detail in the following exam-
ple uses a nematic liquid crystal material having positive
dielectric anisotropy as the liquid crystal layer. It

should be noted that the present invention is not limited
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regions T2 were transfornmed to the splay alignnent. [0112] The pixel pitch
of the liquid crystal display device 100 of this exanple is about 100 ,c.L
ril . Therefore, in consideration of the results shown in Table 1, it is
found preferable to arrange the second twist-aligned re gions T2 at a pitch
twice or less as large as the pixel pitch. In the liquid crystal display
device 100, the pitch P2 of the second twi st-aligned regions is set at

about 10Q¢/ ~tRikhatphs aguab1be tdWpPicsblel ), aanghithaiSe - inbdles eos5i bl e
to effectively stop t he transfornatlon of the first and second

tw st-ali regi ons t .the.s ITE Thus, the first tw st-aligned
Fegi one. F3%aIg AR « hbauEeoRanennd BXTiohin TET oho bednsSe ARATY 60
can serve as nore rellable nucleatlon sites for transfor mation. [0113] The

confi gur aci dnigiid herysgaild ratystbal dhapliiag dedawid@0daklelitsiexaampt e i s
not limted to that de scri bed above with reference to FIGS . 10 and 11.

For ex a S I f n by .1 Uied
crystal Qoo e cud haah i SETRLEL Jeyeits B SFIORe Nt VRS

crystal display device shown in FIG 14, the second tw st- allgafd regi ons
54" and 56a&eldndNA6 45§éﬁ§ﬁnme9VeY?Bn1ﬂﬂeqqq%&d%ﬁﬂg%o%lPSn & ffons 42

once every three pixels. The second tw st-aligned regions 54 and 56 extend
upwar d asgoti@envepekd | especbiraety caoidmtiyhearid r shet materdlalgrestchegl on 42,
al ong above the same source line 26 Likemﬁse the second tw st-aligned

d t | . i
12, “whi SVax: 29 aPbng acout o Gethf e lAR! ddt e Spseaigeol ons

pi xel s. The spl ay-aligned region S in
dielectric anisotropy is preferred.

(Example)

[0092] FIGS. 10, 11 and 12 are views illustrating a liquid
crystal display device 100 of an example of the present
invention. FIG. 10 is a plan view of the ligquid crystal
display device 100, FIG. 11 is a cross-sectional view of
the liquid crystal display device 100 taken along 1line
11A-11A" of FIG. 10, and FIG. 12 is an enlarged plan view
of three pixels of the liquid crystal display device 100.
In FIG. 10, a second substrate 6 of the liquid crystal
display device 100 is omitted, and in FIG. 12, the second
substrate 6 and a liquid crystal layer 8 of the liquid

crystal display device 100 are omitted, for simplification.

[0093] As shown in FIG. 11, the liquid crystal display de-
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el udes first splay-aligned regions 36 and second splay aligned regions 37.
Each of the first splay-aligned re gions 36 is substantially surrounded by
the first and sec and twi st-aligned regions 42, 44, 54, 56, 58 and 60, and
is aregion corresponding to three pixels in the row di rection and a half
pi xel in the colum direction. Each of the second splay-aligned regions 37
is formed between the second tw st-aligned regions | ocated above the sane

source | yAgeantod acinig eesd @f heirse tdhebsotar® di r eeheOnsetAdS]suthe
configuration of the twi st-aligned regions shown in FIG 14 can be used for

a color Liquid crystal_display.device, for, exanple. In_a color_|.iquid
crystal EFgSng%HéVV£é?h?hglﬂ%aathﬁqﬁﬂ}r%ﬁy%ﬁr cf?%ﬁrBP%ﬁQBQQEﬁ%q%hading
| ayer can be larger in the portion | ocated between adj acent sets of RGB

pi xel s thhe isubsiergbesi dn d47d 6.ocatBek bétigwéd adiypsbal piageds & tdé n the
set. Therefore, by allocating R Gand B to the three pixels in each first

spl ay- al j\gaed JreHP N0 PRFi 8! BeRE aineQG0Nh w66 &l t8ned 1 &H ISt 54,
56, 58 and 60 between the adjacent R and B pixels, a larger width can be
secured for the secaond tw st-aligned regions. [0116] In the liquid crystal
di spl ay B&FECe A% n FIG 15, the spacing in the row direction between
the ad jacent second tw st-aligned regions extending continuously fromthe

first t 1&%- i gned region 42 s dif@fre t _be tween the upward d .downwar d
egi ons. (AL s et $9CER| §1 £ 1% SBdatBgndd retf oRLTESCEN ATE Nt end
upward con tinuously fromthe first twist-aligned regions 42 alter nately
every pi férstamiibgictate 4dediagrind odee elligbdde CEHyEstalhusapee.f o pliwpl ay.
On the contrary, second tw st aligned regions 74 extend downward
continuowghy tit Q¥ tB8te lines 22 are formed to extend in the row

direction and a plurality of source lines 26 are formed to

extend in the column direction, forming a matrix shape as

a whole. Switching elements (for example, thin film tran-

sistors (TFTs)) 25 are formed at the respective crossings

of the gate lines 22 and the source lines 26. The switch-

ing elements 25 are connected to corresponding pixel elec-

trodes 16 made of a transparent conductive material. A

plurality of common lines 24 for formation of storage ca-

pacitances are also formed on the first substrate 4. The

common lines 24 extend in parallel with the gate lines 22

in a position between the adjacent gate lines 22.

[0095] As shown in FIG. 11, a counter electrode 18 is
formed over the entire surface of the second substrate 6

facing the liquid crystal layer. The liquid crystal layer
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first twst-aligned region 42 every two pixels. The sec and tw st-aligned
regions 62 and 68 adjacent in the row direction are different in the |length
in the direction of the source |lines 26. Al so, second tw st-aligned regions
76 and 78 are alternately fornmed upward and downward, re spectively, from
the first twist-aligned regions 44 ex tendi ng al ong above the comon |ines
24. The lengths of 48 the second twi st-aligned regions 76 and 78 are set

so that Bhaswidiii/ei withhe seqardespRiphrodd gbetweedi ehe Phixel r@Lgbly the
same. [0117] In the liquid crystal di spl ay device shown in FIG 1b, second

tw st-ali dre ons 2, and nd 8 d 8 pectiyel xt end
conti nuoﬁgf’ o 4) E‘F t?/\?'g?-?ﬂ:i geﬁ(‘i)lee %%%‘i}%n?% alqner?ﬁ{lé1 elil %%qy
pi xel , and sec and tw st-aligned regions 82 and 84, and 86 and 88 respec

tively esubsdred® i Auows! }ighdmshagling sl ayeirst Ualaghe@adegimhs 404 is
alternately every pixel. [0118] In the liquid crystal display devices shown

in FICS £bdnd 1o £86e2eG pyteioRk! Q:B%irers‘iﬂirf&}ﬁl@r@o' erEAtaeh popve the

switching elenents in addition to above the sdurce I1nes) as inthe liquid

crystal dlSp|i devi ce. shown in FIG K 10. Therefore t he se E
twi st - al Lfe8lrBegtGh2havt g 92hPddingFed % ARDhd '?f‘or%%‘ar??\ hBePedfon of

the light-shading layer. In the liquid crystal display devices shown in
FI GS . 1%2heo lilght tdteaGiacgnilatyers#doaliisgredtbwreglwnEI6St end @mad iXRiofiksty from
the first twist-aligned regions. Alternatively, the ffirst tw st-aligned

091 ONS ERKANS SERAAE [SOM Gl SPEOREN! hStrRhigied  CU OB Aud YT QUi d

crystal dlsplay devi ces shown I n

placed on the second substrate 6.

[0096] In the liquid crystal display device 100, a plural-
ity of steps 20 are formed on the surface of the first
substrate 4 facing the liquid crystal layer as shown in
FIG. 11. The steps 20 are constructed of a resin layer
120 having a thickness in the order of 1 to 10 microns and
grooves formed on the resin layer 120, for example. Due
to the existence of the resin layer 120, 1liquid crystal
regions having a thickness of d2 are formed right above
the portions of the resin layer 120 (upper faces of the
steps 20), which are to be the splay-aligned region S.
Also, liquid crystal regions having a thickness of dl (>
d2) are formed above the bottoms of the grooves of the
resin layer 120 (lower faces of the steps 20), which are
to be the twist-aligned region T. The resin layer 120 may

not be completely removed at the grooves, but recesses may
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[0119] In the liquid crystal display device shown in FIG 17, first

tw st-aligned regions 42 are forned inde pendently for each pixel along
above the gate lines 22. First twist-aligned regions 44 are al so forned
i ndepen dently for each pixel along above the comon |ines 24. Each of
second tw st-aligned regions 90 extends al ong abo ve the source lines 26
for a length equal to the pixel pitch in the colum direction. [0120] In

the |iqui,d crystal, disp device sh i G .18, whjle first

twist-al it e%ngafionosn 4£ﬁér e Forhe a?%%epigznd;eﬁf’flyacfrb‘? ég%ﬁo&sxeqf aFBfg
above the gate lines 22, first twist-aligned regions 44 extend continuously
al ong abmecesgesonaynbei need24as Edeh lgfweecomdes w$Et thei ghepsr €fi.ons 90
extends in the colum direction between the two comon |ines adjacent in
the columm direction. [0121] The liquid crystal display device shown in
FIG 19 i[80%lff eWben fr oplitsge i s Feppliedi acrpss $dwonkdiquidtcuysgyadd
regions 94 are forned independently every half pixel pitch. [0122] In the

liquid crivsied 8li sphay tdewitced i +égEbSST. 150 tanthslFbimed S%to Béhgof the

first splay-aligned re gions are connected to other ffirst splay-aligned
regions 50 . adjagcent in _the row or .col.um directign.via th econd
ol ay- al PGS RO KTt PhrEed, ATAVER Ty | SURSCIaAY S B bent
the problemthat part of the splay aligned region S nay fail to be
t ransf or dte t twhend adliiggedreneghon e tehnsformed shd apeald gakbghmend t hus
be iso lated fromthe other part of the splay-aligned region Sin the
l'iquid craesh@ing €8s 0Rhe@iud12ESIRAH WM £8, I eher eReR diP i hidhg4Bepnd S.
alignment swiftly expands into the splay-aligned region S.
In this way, the splay-aligned region S is transformed to
bend alignment. The twist-aligned region T as the nuclea-
tion site for the splay-aligned region S should preferably
be placed to be outside the display area. The reason is
that the optical response to voltage application is dif-
ferent between the bend alignment of the splay-aligned re-
gion S and the bend alignment of the twist-aligned region
T. By placing the twist-aligned region in the 1light-

shading portion, therefore, the uniformity of display im-

proves.

[0098] Referring to FIG. 10, in the liquid crystal display
device 100, the twist-aligned region T includes a plural-
ity of first twist-aligned regions 42 and 44 extending in

the row direction and a plurality of second twist-aligned
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[0123] Al of the f first splay-aligned regions may not necessarily be
connected to the adjacent first splay aligned regions. For exanple, as
shown in FIG 20, a liqg uid crystal display device may have a plurality of
clus ters 114, in which first splay-aligned regions S1 in one cluster are
not connected to first splay-aligned regions S1 in another cluster. This

| iquid crystal display device, denoted by 107, will be described in detai

as follo 41 ,As o] in E 2 ch of e.pluraly of,.clusters
114 of tﬁ%e?#%%%dkgﬂy§§£1Wgﬁsgfggq%%v%gggﬁﬁgl} %$u5§§ §%%g% sSﬂ%&géligned
regions S2, two or nore first splay-aligned regions S1 connected to each

ot her viatior.se€bed fém%-@i@mfi@gegngesz,on@dmam bpomedcadong

twi st-aligned regions Tl and T2 surrounding the first and 51 second

spl ay- al i ghede r etleONgatl anfed82.22Theahidr sthePkaysel itgnesd f£0i §Asq Skel-n one
cluster are not connected to, but isolated fromthe first splay-aligned
regions Sl in anqgther cluster. [[012S] sh in FIG 20, by connecting
the plurafteys o?gf iTG SPFEGYarithd ?@éVSn?{%l (f?fmg%hiéf’ﬁg?/ %/ﬂo't hi n"one
cluster 114, when any of the first splay-aligned regions S1 in the cluster
114 is triaEs8f olbed theometfireragpiaaynwhégalmBdl t(@20ehd fabr gewamplet hénregi on
exhi biting the bend alignnment expands into the splay-aligned regions within

the clustgicddds TheeIORE. ghle |11Hd daor Yalddr &Pl Rhedai £ 1@%i6an al so
prevent the problemthat sone first splay-aligned region S1 nay be kept in

t he splay.fji ngent and isolated. [0126] In FIG 20, one cluster includes
four firsd %%$%§?EFHQHBd4Fegions Sl lined in the row direction. The shape
of the cluster and the nunber of the first splay

[0099] The second twist-aligned regions extend continu-
ously from each of the first twist-aligned regions 42 and
44 upward and downward in the column direction. More spe-
cifically, the second twist-aligned regions 54 and 56 ex-
tend upward and downward, respectively, continuously from
each of the first twist-aligned regions 42. The second
twist-aligned regions 54 and 56 are formed along above the
source lines 26 for each pixel, with the spacing (pitch
P2) equal to the pixel pitch in the row direction. Each
of the second twist-aligned regions 54 extending upward
continuously from the first twist-aligned region 42 in-
cludes a portion 50 located above the source line 26 and a
portion 52 located above the switching element. With this
expanded portion 52 of the twist-aligned region 54 above
the switching element, which is covered by the 1light-

shading layer, a wider twist-aligned region is secured
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aligned regions S1 in one cluster are not limted to the above. [0127] Next
, the steps 20 in the liquid crystal display device 100 of this exanple
wi |l be described. The shape of the steps 20 forned on the substrate may be
changed 52 with the position at which the steps 20 are fornmed. This w |
be described with reference to FIGS. 7, 8, 10 and 12. [0128] In general,
during driving of the liquid crystal display device, the voltage applied tv

the gate JipR6u2 dSchéddthgt ade t Al | ggtelaQ t heyn1sgur caHd 88 cdhg For
exanple, a voltage in the range of - to +12 Vor -20 Vto +20 Vis

\Y
lied to th te |i 22 whi f .about Vi lied to th
sour co. |1 L 56T 1P S Fegiontosd Y 4L "EFECE, BoPPER) SMSb I the
first twist-aligned regions 42 fornmed above the gate lines 22 is higher

t han t hatreppéctivedyt hewaetontoesl gt falomnedche ofi ohe5£ 18, 581iamd 60
formed above the source lines 26. The first twi st-aligned regions 42 are

t her ef or &; s Re8a 1Ridibrld 208 Q0MRE dd CAbLYE WHeStcahSRMNLdL PENdagl i gn

ment, and thus can be used effectively as the nucleation sites for
transformation. A voltage_equal to that applied to the source lines 26 is
appl i ed tYehEFEMRREFINES 24 @%Fﬁncﬁ%?g EHrBQF&PF‘eIO% thet Hel 52t e @PPnes
26. Therefore, the first twist-aligned regions 44 are also easily trans
forned froscohd twist-aligmeehtrdoqidendaal dgeeriibed mwons) deaahi haldf t he
above, the second twist-aligned re gions T2 are preferably fornmed above the

source 11850 261 s HEbELAAY! Sr URRIdP I B CrilapRes el s IgrilPRE d ot ve

[0100] The splay-aligned region S occupies the entire
liquid crystal region other than the first and second
twist~aligned regions described above. As shown in FIG.
10, the splay-aligned region S includes first splay-
aligned regions 36 having a first width W1l in the column
direction and second splay-aligned regions 37 having a
second width W2 (< W1l) in the column direction. Any two
first splay-aligned regions 36 adjacent in the column di-
rection with the first twist-aligned region 44 therebe-
tween constitute one pixel. Any two first splay-aligned
regions 36 adjacent in the row direction are connected to

each other via the second splay-aligned region 37.

[0101] The rubbing direction of alignment films (not
shown) of the liquid crystal display device 100 is prefer-

ably in parallel with the direction in which the gate
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for attaining the purposes described above, that is, for effectively using
the first twist-aligned regions as the nucleation sites for transfornmation
and using the second tw st-aligned regions to inprove the stability of the
tw sted alignment of the first twist-aligned regions (sup press
transformation to the splay alignnent). [0129] As discussed above with
reference to FIGS . 7 and 8, in the nornmal step as shown in FIG 7, the

he rogi Oh b A7 SRYeTRe (et S Tarhint ) ohaR0sHIR Sk i 2h chiC. ™

region S. On the contrary, in the inverted step as shown in FIG 8, the
di scl i nathepizeontad dizxgstiiespi(as the wieyaddfrom dheafohserversviawi-gned
re gion T and the splay-aligned region S on both sides of the disclination

line 9. [{@0knkn ai @ibpye, BhethibStatMsienbhgned 120 0pged2 and
44 shoul d be forned f%iﬁﬁthihe si de ches of norna? steps extend algng t he
gate lines 22 and the co n lines 24. Wth this shape, the first

Dui st - al IS T Bgi%ns thEn Lonvidacofgstals masQuiatoris: idn BrFedled
transformation and thus the bend-aligned region can be swiftly expanded

i nto the wiptlaythei groad disggonton | nthdditwiisted i @highmensecand e kepdl i gned
regions 54, 56, 58 and 60 should be forned so that the side faces of

| nvert ed b gabaad Aenehhhe Eg&gg@ﬂﬂ@én 6 a1\WignheddY St £8AREb e first

tw st-aligned regions can rom being transtorned fromthe

twisted aljgnnment to the splay align nment during non-voltage application
for the refdyrOgeuterMgEs BeldP® W th reference to FIGS. 13A to 13D. [0131]
As descri bed above, by using nornmal steps or in verted steps as the steps

20 appromﬂ&%ely d%%”@hn%ﬁg1illustrated example, it is preferable
to place the first splay-aligned regions 36 in the display
area, and place the second splay-aligned regions 37 out-
side the display area together with the twist-aligned re-
gion T. By forming the second splay-aligned regions 37
across the twist-aligned region T, to connect the adjacent
first splay-aligned regions 36 to each other, the first
splay-aligned regions 36 can be transformed to bend align-
ment more reliably. If the width W2 of the second splay-
aligned regions 37 is excessively large, the effect of
providing the second twist-aligned regions will not be ob-
tained. If the width W2 1is excessively small, the effect
of providing the second splay-aligned regions 37, that is,
the effect of connecting the first splay-aligned regions
36 will not be obtained. In view of these, the width W2

of the second splay-aligned regions 37 and the width W1 of
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the positions at which the steps are forned, the bend aligned regions can
be expanded swiftly and the twi st aligned regions as the nucleation sites
for bend alignment can be stabilized. Thus, the liquid crystal display de
vice 100 can attain stability of the aligned state, improvenent in display
quality and the like. [0132] Next , preferred nmethods for form ng nornal
steps and inverted steps will be described. For formation of steps, in

R S g R A S D AR Y

Norrmal steps are typically formed by (1) a nethod using heat treatnent, (2)
a net hodrediartg ostadiimoQ] . 28 £ 3W2a<n@t BWd .usi ng a photoli 55 thographic
process. Reverse steps are however generally difficult in formation. [0133]
Referring to FIGS. 21A to 21D and 22A to 22D, nethods using a

phot ol i t?ﬂi@ﬁhphl c Phecexdjavent bdidstscspber;alhgnkidcregioms Sbeprand
inverted steps can be easily formed sinultaneously. FIGS. 21A to 21D denon

strate fepbildctiedetfodadtsi dgharnedal | ¥Ret YoMt HSEAGLalli YaeGestd)- | ayer,
in which FIGS. 21A and 21B illustrate process steps of ornatlon of

inverted step n C and 2 | L ust.rate roce of formation
of nor P Leenl - i EaSPsEREE ", A TRERS PR SRRt o FeCRSRes (ho a
positive type photosensitive resin layer 132, in which FIGS. 22A and 22B

i | lustraFéGpr-ockhss $4Bepndf5foenvent iih sbmpofiatstst eptayndlioged 2xC and
22D illustrate process steps of formation of inverted steps. Note that

The T HIPR, "0 R P OB AAE BOLOUReRAT Fatseais T I

of inverted SLANSA® 83t R8d RRALL 91 diP" o 2L BBLY 1L C 3 2Mas into
the failed first splay-aligned region 36 from another
first splay-aligned region 36 already transformed to bend
alignment via the second splay-aligned region 37. In ad-
dition, in the liquid crystal display device 100 shown in
FIG. 10, the second splay-aligned regions 37 are formed at
positions lined in the row direction, indicating that the
spacing between the adjacent second splay-aligned regions
37 in the row direction is small. Therefore, the bend-
aligned region can efficiently expand into the first

splay-aligned regions 36 via the second splay-aligned re-

gions 37.

[0104) The second twist-aligned regions 54, 56, 58 and
60 are formed to be continuous with the first twist-

aligned regions 42 and 44. Therefore, the first twist-

41



[0134] First, a nethod for formng inverted steps froma negative type

phot osensitive resin layer will be de scribed with reference to FIGS. 21A
and 21B. As shown in Sr FIG 21A, the substrate 4 having a

hi gh-refl ectance region 121 on the principal plane is prepared. The high
refl ectance region 121, which is higher in reflectance than the surroundi ng
regions , is preferably the gate |line 22, the source line 26 or the common

|7 3% 28508k, RoBSA B SIS a4 eSO 0 s bREa Rl O I

the high-reflectance region 121 is preferably the source line 26. [0135] A
negati ve gypesphét 056nsix8 vand e€P nchnyserye? 4 moed folhedlennuedea-
princi pal plane of the substrate 4. The photosensitive resin |layer 122 is

covered wWibna dmsds 12%dyd e a it taieadbRgePOthhaen 478 and-ot | gy
transmtting portion 124 in a predeterm ned pattern, and then irradiated

with light 126 v%a.thefgg;k %fS. The mask 125 is o%it'oned sqQ that the
i ght - shatf AP PoF¥i8h~ 22390 ] JRI L AN ?ﬁBaHF‘Sﬁ- (Bt FEYFDn 121
wi th edges 123E of the light-shading portion 123 being inside the range of
t he hi gh-Tle¢| retanve wiggl one 18escHibed g £08lpassiwigh hrefighenbe rMask 125
into the photosensitive resin layer 122 reflects fromthe high-refl ectance
region 1r@s reghecheqasp ght 126R Using the reflected |ight 126R, in 57
verted steps 20S (a < 90) are forned as shown in FIG 21B. [0136] Light
output froma normal optical aligner has a parallelismof about 3 or Iess.
However, [olgs) i 9ht @126 resin layer 120 constituting the steps on
the substrate 4 is formed of an inorganic or organic film
having a thickness in the order of 1 to 10 microns. The
energy difference between the 180-degree twisted alignment
and the splay alignment 1is not so large. Therefore, if
the thickness of the resin layer varies, or the cell gap
varies, the 180-degree twist-aligned region T may not be

obtained as originally designed depending on the position

in the liquid crystal layer.

[0106] For example, suppose a stripe region having a
thickness of dl is formed in a liquid crystal layer having
a thickness of d2 (dl1 > d2), to obtain the splay-aligned
region S and the twist-aligned region T, respectively. If
the aspect ratio of the twist-aligned region T is high,
both ends of the twist-aligned region T may return (be

transformed) from the twisted alignment to the splay
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used for exposure of the photosensitive resin |ayer 122 should preferably
have a parallelismin the range of about 5 to IO Wth this | ow
parallelism the light incident at the edges of the |ight-shading portion
123 is reflected fromthe high-reflectance region 121, and the reflected
light (primary reflected light) can contribute to Iight exposure of the
portion of the photosensitive resin |ayer 122 | ocated under the nask.

[0137] Nexi . t had o 7 nor. ssfr i p
phot osensﬁ%%relﬂ?{e{gi %%1 as;rgc?w%“ H?‘ gngeslzz%l b%%&\?vi f‘h r eryf Zef enc t%gﬁFéSSleC
and 21D. [0138] Unlike the formation of the inverted steps 20S descri bed
above, siWedcho the | wieded gatigamepguiand dhe i FRlaY gfligigerni eCB® t he

formati on of normal steps 20F, it is not necessary to formthe

hi gh-ref | @séR06€. r egirn ﬂﬁﬂs@nalmgn&ub&tergaﬁcﬁl% Favwewerin tHeG si ggaf ages of
the normal steps preferably extend along the gate line 22 or the conmon

| ine 24 as, described above. [ n the_fo]l ow escription, therefore, the
case havi#gPthe?fi §Hilbgin ‘Y’e‘h}éc?ﬁﬁcé PEg; 3%0%21u§ﬁcﬁnagef’ﬂ§hgate line 22

and the comon line 24 on the principal plane of the substrate 4 will be

d ib 139] T 4 d L bed ab i s . fi d.
The. neoatPWh ype HTSSOR | FoLPBe; FERRLF 195 THS {198 For REASOREP e

principal plane of the substrate 4. The photosensitive resin |ayer 122 is
covered w$hfarmesk ipsthevitwist tahgnetageddosorTi oihe2Rnan af | ithea
transmtting portion (opening) 124 in a predeterm ned pat tern, and then

irradi at efeyidh | eghtiblZ2eny athie MRekstledd. dhegnmekt12§rb@uRdsiyt i @red so
that the light-shading por tion 123 is |ocated above the high-refl ectance

region 121 2 L0se98eend 235 M S ARt - 802Gh "8 82" khdlm! %R B9 138,

and finally, the entire twist-aligned region T exhibits
the splay alignment. That is, formation of the twist-
aligned region T as the nucleation site for transformation
fails. The above condition that "the aspect ratio of the
twist-aligned region T is high" is specifically that the
aspect ratio of the twist-aligned region T exceeds 80:1.
It has been confirmed from observation results that when
the aspect ratio exceeds 80:1, coexistence of the twisted
alignment and the splay alignment is difficult. It has
also been confirmed from observation results that coexis-
tence of the twisted alignment and the splay alignment is

difficult when the width of the twist-aligned region T is

about 10 pum or less, irrespective of the aspect ratio.

[0108] To solve the problem described above, the pre-
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outside the area of the high-reflectance region 121. The |light 126 passing
t hrough the mask 125 into the photosen sitive resin layer 122 is not
reflected fromthe high ref | ectance region 121, and thus using only the
irradiated Iight 126, the normal steps 20F (a > 90 ) are forned as shown in
FIG 21D. [0140] In the formation of the normal steps 20F, also, |ight
having a parallelismin the range of about 5 to 10 is preferably used for

exposure NGt i 5 ~AS i on of
tho i nver Tl SrapesdEEek R, ¥ prlfEl gy  BHER, LegreRa Be aredRh The

light incident at the edges of the |ight-shading portion 123 can contribute
to |ight Fpostie oFRERE g6 @TIPHELR pABPBOsEAsiON e §iesiperayapedon

| ocat ed under the mask, as shown in FIG 22C. [0141] Next , nethods for
form ng st sweps-aldghedverdeibst @ps @A n@sihni ve fiwrer direc-

phot osensitive resin layer 132 will be described. Contrary to the case of

us ing t negati.ve photosensitive.resin. |ayer 122 .in the case of
usi gt he ISHET Ak s HBR AN AREE Rt e S oY TR B A P O8 s
20F are fornmed by use of the reflected |light 126R fromthe high-reflectance

regi on 1xinugusty £uam hddef of ifrmtni dgyitse addrgned strgesi AOF Tl odnt he
positive type photosensitive resin |layer 132 wll be de scribed. [0142] As

shown i n daldond 24\ r&Bei6Hb SRS rfy NaYe NPidshi alrefdieft afsre £€0EBNy121 on
the principal plane is pre pared. The high-refl ectance region 121 is higher

inre flegtanc hgan he \surrqundi ng regions. As_described _ahqve
relation4%3¥h€h R %%%'fo mlﬂ; ?ﬁﬂg%'sﬁﬁxyﬁﬁ ngegyeg %&ﬁﬁiggetype
phot osensitive resin |layer, the
transformation from the twisted alignment to the splay
alignment, starting at both ends of the first twist-
aligned region T1 as shown in FIG. 13C, if any, stopped at

the crossings of the first twist-aligned region T1 and the

second twist-~aligned regions T2 as shown in FIG. 13D.

[0109] Accordingly, in the 1liquid crystal display de-~
vice 100, in which the second twist-~aligned regions 54, 56,
58 and 60 extend continuously from the first twist-aligned
regions 42 and 44 and also cross the first twist-aligned
regions 42 and 44 at right angles, these twist-aligned re-

gions can serve as more reliable nucleation sites for

transformation.
{0110] A preferred spacing between the adjacent second
twist-aligned regions T2 was also examined. The spacing

between the adjacent second twist-aligned regions T2 (P2
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60 hi gh-refl ectance region 121 is preferably the gate line 22 or the
common |line 24. The positive type photosensitive resin layer 132 is then
formed on the principal plane of the substrate 4. The photosensitive resin
| ayer 132 is covered with a mask 125 having a |ight-shading portion 123 and
a light-transmtting portion 124 in a predeterm ned pattern, and then
irradiated with light 126 via the nmask 125. The mask 125 is positioned so
that the.l;] tr itting :tison 4 | at a . j

ror | eot ands TEGT od 13y Wad RvARSEET E obBerds B “POLRIEIAY Hrate,
124 being insjde the high-reflectance region 121. The |ight 126 passing

t hrough ofe Bhsk tisst oa@hénﬂmﬁQB@%Qi%hﬁaﬁﬁéﬁHI%%kQHQQQtiéﬁwﬁm%cted
fromthe high-reflectance region 121 as reflected |light 126R Using the
refl ect edildgghtar@6&ecohe BRLERl- adtiepeP0fedBon90T1anadl a2ned Bee skiown in
FIG 22B. [0143] Next, a nethod for formng the inverted steps 20S fromthe
positive type .photosensitiive resin |ayer Wi | described. In this
case, Si r?(?xé{&r?otolroerflxé%?%#%iéﬁ? ?s°W8q iy é%l%(zjllﬁl#gbefbf%t exposure for the
formation of the inverted steps 20S, it is not necessary to formthe high
refl ectance region 121 on the subst&gki 4., However, the side faces of the
inverted steps preferably extend al ong &1 the source line 26 as descri bed
above. |In the following descriptign, therefore, the case of faormng the
hi gh reflPddidncB2r exff ph0121|340G6h a2Gthe $d@Oce | BAG 26 (dPQhe |pkGEi pal
pl ane off ™2he substrate 4 will be Qescrib$d. [01ﬁ4] The |substrate 4 as
descri bed aboye IS fi%st pr e

(4m

Coexisting O O O A A A X
state

[0111] As shown in Table 1, it was found that when the

pitch P2 of the second twist-aligned regions T2 was 200 U

m or less, the twisted alignment and the splay alignment

coexisted stably. It was also found that when the pitch
P2 of the second twist-aligned regions T2 was in the range
of 400 to 1000 UM, it was less easy to keep the coexis-
tence of the twisted alignment and the splay alignment,
but the transformation to the splay alignment was sup-
pressed to some extent due to the existence of the second
twist-aligned regions T2. If the pitch P2 exceeded 1000
4 M , no coexistence was possible between the twisted
alignment and the splay alignment. The entire of the

first twist-aligned region T1l and the second twist-aligned
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pared. The positive type photosensitive resin layer 132 is then fornmed on
the principal plane of the substrate 4. The photosensitive resin |ayer 132
is covered with a nmask 125 having a |ight-shading portion 123 and a |ight
transmtting portion 124 in a predeterm ned pattern, and then irradiated
with light 126 via the mask 125. The mask 125 is positioned so that the
light-transmtting portion 124 is |ocated above the high-reflectance region
121 wi t h reggiesnd 288 wéré herhhgibrinedn i tHHensphay | abidgRhehei.ng out si de the
hi gh-refl ectance region 121. The |ight 126 passing through the mask 125
into the photosensitive resin |ayer 132 is not reflected fromthe

hi gh-reflfert2ance r ey opixel, phfchhust usiheg ohabwildhecikyeadiat @dsplght 126,
the inverted steps 20S (a < 90) are forned as shown in FIG 22D. [0145] In

Shown 1 n e 29001 o033 1e. (ExqpiBTe " GRRIE' APYTH ' nliEhat P08y pe

photosensitive resin | ayer 122, the light 126 for exposure of the
phot osendin t FoBsideiratigperofi32hgr cfesabty $hovar piRallaliesmlin ktheifange
of about 5 to 10. [0146] According to the step formation methods de scribed

above, | prii@dpgeepsabiler NMed | afrrengsi €hel Sdsh@r alvhy tcansiggri®dre -
difficult, can be easily forned sinultaneously with formation of normal

steps. [QL47] . 1nQn,t above,description, the tw.st-aligned r ion. T serving
as the n coerla%ig% gﬁ:[ egf Brgtf:r%aﬁ"{s ]gééﬁa?fronl%ass f3r r;gacfﬁ fdlﬁeqill%ghg}’s‘ﬁgdi ng
region so as not to be in eluded in the display area. The present invention

is not | Pt to Thi stheutlisntidt ieavstiask - dilispiay r dgivdieer 308 .t hthe

splay-aligned region S nmay be included in the display
pitch P2 of the second twist-aligned regions is set at
about 100 g4 m that is equal to the pixel pitch, and thus,
it is possible to effectively stop the transformation of
the first and second twist-aligned regions to the splay
alignment. Thus, the first twist-aligned regions 42 and
44 and the second twist-aligned regions 54, 56, 58 and 60

can serve as more reliable nucleation sites for transfor-

mation.

[0113] The configuration of the liquid crystal display
device 100 of this example is not limited to that de-
scribed above with reference to FIGS. 10 and 11. For ex-
ample, substantially the same effect can be obtained by

liquid crystal display devices shown in FIGS. 14 to 19.

[0114] In the 1liquid crystal display device shown in

FIG. 14, the second twist-aligned regions 54 and 56 extend
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area. For exanple, in a transm ssion/reflection conbina tion type liquid
crystal display device, the twist-aligned region T of the liquid crysta

| ayer having a larger thickness ( d1 ) may be used as the transm ssion
region and the splay-aligned region S thereof having a smaller thick ness
(d2 < d1) may be used as the reflection region. In such a liquid crystal
di splay device, both the twi st aligned region T and the splay-aligned

redl on S SANRGu8% 1y Vel Yng 3RLRY. LAl ssdesoribad.aboys opegor ding

to the presen A Vent i ion, it 1s possi d crys dis
pl ay device enabling swift and rellable transfornatlon fron1sp|ay al i gnnment
to bend &Vevelhree fRirrbend dhgnsreapd &t aya bl gRAfeMEIIMS phésent
invention is suita bly applied to liquid crystal display devices used for

noni tors i seMRitend aivdtd@t ahdVdoseiviard 01485 p¥bitli@eliRe pras®Nthe
invention has been described in a preferred enbodi ment, |t wi |l be apparent

h kille th hat_.th | psed be_nodified
oo AL el s U8k hE ChoChesEd LRSL 3 bR, 11

set out and descri bed above. Accordingly, it is intended by the appended
clains tdigey @6.allLikegwiiseat i the cfeadredi Awdstli-anlidgredf aldgiwinshi A8t he
true spirit and scope of the invention. 64 WHAT IS CLAIMED IS: 1. A

l'iquid crysd algodi eRptayad¥d e $OIREL S H-ch f khat §HP§U9«E&15@—§§E Ada
substrate placed to face the first substrate, and a liquid crysta Iayer

i nter posed bleér\lfxgeg4

which extend along above the common lines 24,
once every three pixels. The splay-aligned region S in-
cludes first splay-aligned regions 36 and second splay-
aligned regions 37. Each of the first splay-aligned re-
gions 36 is substantially surrounded by the first and sec-
ond twist-aligned regions 42, 44, 54, 56, 58 and 60, and
is a region corresponding to three pixels in the row di-
rection and a half pixel in the column direction. Each of
the second splay-aligned regions 37 is formed between the

second twist-aligned regions located above the same source

line and facing each other in the column direction.

[0115) The configuration of the twist-aligned regions
shown in FIG. 14 can be used for a color liquid crystal
display device, for example. In a color 1ligquid crystal
display device, the width in the row direction of the
light-shading layer can be larger in the portion located

between adjacent sets of RGB pixels than in the portion
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the first and second substrates, wherein the liquid crystal |ayer includes:
a splay aligned region in which a transformation fromsplay align nent to
bend alignment or from bend alignnent to splay alignment occurs according
to a voltage applied; and a nu cleation region serving as a nucleation site
for initiat ing the transformation to occur in the splay-aligned region,
the nucleation region includes a plurality of first nucleation regions,
each of tlhegiad dbétweeh adratentcpdxelisonvirtdgimnshexsendi nThiered e, St
direction, and a plural ity of second nucl eation regions, each of the

pluralit f . nycleagl regi t LNg. i secon Ir Lon
differ en%by?raofnﬁfcgéégﬂws#'dpr %Cdl g,toc?ﬁ%&és(pﬁggégl Pé%g 5 :ig} oegacl“dﬂr‘]cf%%ﬁg a
plurality of first splay-aligned regions having a first width in the second
di recti oPPd@Y R plInedi t¥ediosecdhd apd ayplacip@d tlgi cvecordi ngwastecond
width smaller than the first wwdth in the second direction, and 65 the

pluralitwigigiddd steghbak- 34,9ned, r @ aitsd | 50! Béawewn f thet aspiaverst | gned
regi ons connected to each other via one of the plurality of second

spl ay-al i regions. 2. .The |i ugﬂicr stal display.device.of claim.]1,
wher i n G 1B GOFHETS B it Gre VARSI O SPenr R RE LA TR R0EPRRI T on
region is a tw st-aligned region exhibiting 180-degree tw sted alignnment
duri ng néwisdltakjegrgpdl regionsn, the plurality of first nucleation regions
are a plurality of first twist-aligned regions exhibiting 180 degree
tw sted alignnment during non-voltage application, and the plurality of
second nl@16hti on Aagi bhe akitquai@l crystal ofispdand deniste ashgwed iagi ons
exhi biting 180
FIG. 15, the spacing in the row direction between the ad-
jacent second twist-aligned regions extending continuously
from the first twist-aligned region 42 is different be-
tween the upward and downward regions. More specifically,
second twist-aligned regions 62 and 68 extend upward con-
tinuously from the first twist-aligned regions 42 alter-
nately every pixel, and include regions located above TFTs
unusable for display. On the contrary, second twist-
aligned regions 74 extend downward continuously from the
first twist-aligned region 42 every two pixels. The sec-
ond twist-aligned regions 62 and 68 adjacent in the row
direction are different in the length in the direction of
the source lines 26. Also, second twist-aligned regions
76 and 78 are alternately formed upward and downward, re-

spectively, from the first twist-aligned regions 44 ex-

tending along above the common lines 24. The lengths of
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degree tw sted alignnent during non-voltage application. 3. The liquid
crystal display device of claim2, wherein dl/p of the tw st-aligned region
is greater than d2/p of the splay-aligned region where p is a pitch of the
liquid crystal material, dl is a thickness of the tw st aligned region of
the liquid crystal layer, and d2 is a thickness of the splay-aligned region
of the liquid crys tal |ayer. 66 4. The liquid crystal display device of
claim 3, nersedonld teigtealdigidirefions TBeahdquisd avieysdéet ¢€osphay
device of claim2, wherein the first substrate includes a plurality of gate

| i nes ex di LRt figs i r 1 0R, rali f lies.

ext endi n;t%{én P%gltglec@%d dc1ji{rté:(tzlt%| o%g%’:l?ggsi gﬂjpzé #‘:Ll&}s{?adilfeg%{fg%%, 3r<';;eph§ral ity
of switching elenents placed in the vicinity of the crossings of the

pl ural i t Ffoiyky ethhe n@amand the plurality of source lines, and a plurality
of pixel electrodes electrically connected with the plurality of gate |lines
and the plurality of source lines via the plurality of switching el enents,
at | east [BH&lof t hdml Ghel i 1yavidf iexystad stdigplmed Geatiams showror fad
above at | east one of the plurality of gate lines, at |east one of the

pluralitymf. seeondsdybsd - atwiiGteth I Bfians rey ilodiges2akene 88,! easd eoe of
the plurality of source lines, and at | east one of the plurality of first

splay-ali dgoregions is.formed ahbove at | east one of _the plural L.t f
pi xel elg.Qfogés_r%§pec%1vely' ex eﬂ% con%lnuous y £rom tHe %1¥s%

twist-aligned regions 42 alternately every pixel, and sec-
ond twist-aligned regions 82 and 84, and 86 and 88 respec-
tively extend continuously from the first twist-aligned

regions 44 alternately every pixel.

[0118] In the liquid crystal display devices shown in
FIGS. 14 to 16, the second twist-aligned regions are lo-
cated above the switching elements in addition to above
the source lines, as in the ligquid crystal display device
shown in FIG. 10. Therefore, the second twist-aligned re-
gions having a wider area can be formed in the region of
the light-shading layer. In the 1liquid crystal display
devices shown in FIGS. 14 to 16, the second twist-aligned
regions extend continuously from the first twist-aligned
regions. Alternatively, the first twist-aligned regions
may be separate from the second twist-aligned regions as

in liguid crystal display devices shown in FIGS. 17 to 19.
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6. The liquid crystal display device of claim5, wherein the first
substrate further includes a plurality of conmmon |ines each fornmed between
t he adj acent ones of the plurality of gate lines, and at |east one of the
plurality of first twist-aligned regions is formed above at |east one of
the plurality of common lines . 7. The liquid crystal display device of
claim?2, wherein at |east one of the plurality of second tw st aligned

regions im1igrmed cpmt iﬁn@uﬁ»;]ufirdonbﬁystaastd@_@ﬁl@& tdey Peer adHdwn ofir i r st
twi st-aligned regions. 8. The liquid crystal display device of claim?7,

the TSt BT oariont Bubho PHE I ATTEG BPUsBRen i wPEE. o Taed PEfions |s

1 nmor less. 9. The liquid crystal display device of claim4, wherein at
| east onePeFdentlyi riar sapshr apixehd allpg s egbaves Ui r apdehakinepl &2l ity
of steps each having an upper face, a |lower face, and a side face

connecti ngi #&€ uRpEst facegRed tfae%i&wr fgacgreangh 8 £orhRe @ Phavepdrgned
region is forned above the upper faces of the plurality of steps, and the
twist-aligned . re gion is.forpmed.above the. | ower faces of the plural ity of
Steps. 10HTEY| T s B Ko LGP Ao AR ot tERa; GRBROlnd HEE { 4
plurality of steps include a first step and a second step, the side face of
t he firstEatkpofiaseawnsndive sxcaebiigmgd OPewibnsr penttemds halbogeabicace,
and the side face of the second step has an angle less than 90 with respect
to the I oyer thaCesource lines 26 for a length equal to the pixel

pitch in the column direction.

[0120] In the 1liquid crystal display device shown in
FIG. 18, while first twist-aligned regions 42 are formed
independently for each pixel along above the gate lines 22,
first twist-aligned regions 44 extend continuously along
above the common lines 24. Each of second twist-aligned
regions 90 extends in the column direction between the two

common lines adjacent in the column direction.

[0121] The liquid crystal display device shown in FIG.
19 is different from that in FIG. 18 in that second twist-
aligned regions 94 are formed independently every half

pixel pitch.

[0122] In the liquid crystal display devices shown in
FIGS. 10 and 14 to 19, all of the first splay-aligned re-

gions are connected to other first splay-aligned regions
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11. The liquid crystal display device of claim 10, wherein the side face of
the first step extends in the first direction. 12. The liquid crystal

di spl ay device of claim 10, wherein the side face of the second step
extends in the second direction. 13. The liquid crystal display device of
claim1l1, wherein the pretilt direction of liquid crystal nolecules of the
liquid crystal layer is parallel to the first di 69 rection. 14. Aliquid

crystal displdanhdevincetR@Midwi B acbiomal SUPSLERLR. A seeped subshaate
pl aced to face the first substrate, and a |liquid crystal |ayer interposed

bet ween th%éiirst_and second substrates, the liquid cr¥staL | ayer
cont ai ni PRI IR pEREIRTer ei FAYHBI) itRES SFHREhrTeaydit i3RI BB8s: a
twi st aligned region exhibiting 180-degree tw sted alignnment during

non- vol t ajd lapplticc apireverend thes ppaybdlangnethategpamtexbEbi thag splay-

al i gnment during non-vol tage application and bend alignnent during voltage

appl i catign, o] I spliay,yatyle f ot fi rate
and the ggg'(?r# s%%#?ggeghg?g‘la p lﬁir aﬁ‘?t?/é ofai%tngggr@r?dt @ s%érl?&aéi!?g%i ng the
liquid crystal |ayer, each having an upper face, a |ower face, and a side f
ace connB@NthPehebopdtt aik &hE tFRLAYWELGaMEnt (Rnd plhirsa Ry né8Oregi on
is formed above the upper faces of the plurality of steps, and the tw st

al i gned negiedh fixsorh othedogheyve piafit |ofethéaspdagt-aiigneld redidy ©f ifit eps,
and the plurality of steps include a first step and a second step, the side

face of E@%fiiéﬁi&t%%y@%%f”}éﬁ¥%§, as discussed with reference to

FIGS. 4A, 4B and 5.

[0123] All of the first splay-aligned regions may not
necessarily be connected to the adjacent first splay-
aligned regions. For example, as shown in FIG. 20, a liq-
uid crystal display device may have a plurality of clus-
ters 114, in which first splay-aligned regions S1 in one
cluster are not connected to first splay-aligned regions
S1 in another cluster. This liquid crystal display device,

denoted by 107, will be described in detail as follows.

[0124] As shown in FIG. 20, each of the plurality of
clusters 114 of the liquid crystal display device 107 in-
cludes second splay-aligned regions S2, two or more first
splay-aligned regions S1 connected to each other via the
second splay-aligned regions S2, and first and second

twist-aligned regions T1 and T2 surrounding the first and
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70 exceeding 90 with respect to the |lower face, and the side face of the
second step has an angle less than 90 with respect to the |ower face. 15. A
met hod for formng inverted steps and normal steps sinultaneously, each of
the steps having an upper f ace, a |lower face, and a side face connecting

t he upper face and the | ower face, the side face of the inverted step
havi ng an angle less than 90 with respect to the |ower face, and the side

face of the ep,havi.ng qﬂg!e X i 90 it he.r e _the
| ower fac%cﬁ%%%ﬁ%dgég Kre:asilﬂegﬂt e s%gp(sé%o :é?é‘r epgﬁengléceéslgb%%é e
having a high-reflectance re gion on the principal plane, the

hi gh-r ef |adctgnrRe regiomsbebhg imi gbree icdusdfarceifcdeathasonRechigd otindi ng

regions; formng a photosensitive resin |ayer on the principal plane; and
exposi ng gite pBetaseas tryf e nrhaxer 4@1dyohliyhaaa regkohaVvigly an

| i ght-shading portion and a light transmtting portion in a predeterm ned
pattern, to formthe jnverted steps or the normal steps using reflected

li ght fuﬁﬂqqﬂpﬁi@ﬂg§t?Fectance region. 71  16. The method of claim 15,
wherein the high reflectance region is a gate line, a source line or a com

T by TS IOEES, " AL R L 238, BT R e iR B

phot osensitive resin layer, the mask is positioned so that the

| i ght - shadi rigipot t sphaysapligoed alewieonsheShi gh- eetheottiese witlhom aheh
cluster 114, when any of the first splay-aligned regions
S1 in the cluster 114 is transformed from the splay align-
ment to bend alignment, the region exhibiting the bend
alignment expands into the splay-aligned regions within
the cluster 114. Therefore, the liquid crystal display
device 107 can also prevent the problem that some first

splay-aligned region S1 may be kept in the splay alignment

and isolated.

[0126]) In FIG. 20, one cluster includes four first
splay-aligned regions S1 lined in the row direction. The
shape of the cluster and the number of the first splay-

aligned regions S1 in one cluster are not limited to the

above.
[0127] Next, the steps 20 in the liquid crystal display
device 100 of this example will be described. The shape

of the steps 20 formed on the substrate may be changed
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edges of the light-shading portion being inside the high reflectance
region, and the inverted steps are fornmed us ing the reflected Iight. 18.
The net hod of claim 15, wherein the photosensi tive resin layer is a
positive type photosensitive resin |layer, the mask i s positioned so that
the light transmtting portion is placed above the high-reflectance region
with edges of the light-transmtting portion being inside the high-ref
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disclination line 9.

[0130] In view of the above, the first twist-aligned
regions 42 and 44 should be formed so that the side faces
of normal steps extend along the gate lines 22 and the
common lines 24. With this shape, the first twist-aligned
regions can serve as more effective nucleation sites for
transformation and thus the bend-aligned region can Dbe

swiftly expanded into the splay-aligned regions. In addi-
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"10% & (ye¥Get0ysBeps- aA9)Tth@T steps 20 appropriately depending on

the positions at which the steps are formed, the bend-
aligned regions can be expanded swiftly and the twist-
aligned regions as the nucleation sites for bend alignment
can be stabilized. Thus, the liquid crystal display de-~
vice 100 can attain stability of the aligned state, im-

provement in display quality and the like.

[0132] Next, preferred methods for forming normal steps
and inverted steps will be described. For formation of
steps, in general, film formation processes using a resist
or a photosensitive resin equivalent to the resist, metal,
an insulator and the like are employed. Normal steps are
typically formed by (1) a method using heat treatment, (2)

a method using etching, and (3) a method using a photoli-
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tive resin layer, in which FIGS. 21A and 21B illustrate
process steps of formation of inverted steps and FIGS. 21C
and 21D illustrate process steps of formation of normal
steps. FIGS. 22A to 22D demonstrate formation methods us-
ing a positive type photosensitive resin layer 132, in
which FIGS. 22A and 22B illustrate process steps of forma-
tion of normal steps and FIGS. 22C and 22D illustrate
process steps of formation of inverted steps. Note that
normal steps and inverted steps can be formed simultane-
ously although, in the following discussion, the formation
of normal steps and the formation of inverted steps are

described separately for simplification.

[0134] First, a method for forming inverted steps from
a negative type photosensitive resin layer will be de-

scribed with reference to FIGS. 21A and 21B. As shown in
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The photosensitive resin layer 122 is covered with a mask
125 having a 1light-shading portion 123 and a 1light-
transmitting portion 124 in a predetermined pattern, and
then irradiated with light 126 via the mask 125. The mask
125 is positioned so that the light-shading portion 123 is
located above the high-reflectance region 121 with edges
123E of the 1light-shading portion 123 being inside the
range of the high-reflectance region 121. The light 126
passing through the mask 125 into the photosensitive resin
layer 122 reflects from the high-reflectance region 121 as

reflected light 126R. Using the reflected light 126R, in-
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109! 10%&'{ged ! £0¥& ddpOsh2@%& K ) the photosensitive resin layer 122
should preferably have a parallelism in the range of about
5 to 10°. With this low parallelism, the light incident
at the edges of the light-shading portion 123 is reflected
from the high-reflectance region 121, and the reflected
light (primary reflected light) can contribute to 1light
exposure of the portion of the photosensitive resin layer

122 located under the mask.

[0137] Next, a method for forming normal steps from a
negative type photosensitive resin layer will be described

with reference to FIGS. 21C and 21D.

[0138] Unlike the formation of the inverted steps 20S
described above, since no reflected light is required dur-
ing light exposure for the formation of normal steps 20F,
it is not necessary to form the high-reflectance region
121 on the substrate 4. However, the side faces of the
normal steps preferably extend along the gate line 22 or
the common line 24 as described above. In the following

description, therefore, the case  having the high-
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is then formed on the principal plane of the substrate 4.
The photosensitive resin layer 122 is covered with a mask
125 having a light-shading portion 123 and a light-
transmitting portion (opening) 124 in a predetermined pat-
tern, and then irradiated with light 126 via the mask 125.
The mask 125 is positioned so that the light-shading por-
tion 123 is located above the high-reflectance region 121
with edges 123E of the 1light-shading portion 123 being
outside the area of the high-reflectance region 121. The
light 126 passing through the mask 125 into the photosen-
sitive resin layer 122 is not reflected from the high-
reflectance region 121, and thus using only the irradiated

light 126, the normal steps 20F (a> 90°) are formed as

shown in FIG. 21D.

[0140] In the formation of the normal steps 20F, also,
light having a parallelism in the range of about 5 to 10°

is preferably used for exposure of the photosensitive
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in FIG. 22C.

[0141] Next, methods for forming normal steps and in-
verted steps from a positive type photosensitive resin
layer 132 will be described. Contrary to the case of us-
ing the negative type photosensitive resin layer 122, in
the case of using the positive type photosensitive resin
layer 132, the normal steps 20F are formed by use of the
reflected light 126R from the high-~reflectance region 121.
First, a method for forming the normal steps 20F from the
positive type photosensitive resin layer 132 will be de-

scribed.

[0142] As shown in FIG. 22A, the substrate 4 having a
high-reflectance region 121 on the principal plane is pre-
pared. The high-reflectance region 121 is higher in re-
flectance than the surrounding regions. As described
above in relation to the method for forming normal steps

by use of a negative type photosensitive resin layer, the
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covered with a mask 125 having a light- shadlng portion 123
and a light-transmitting portion 124 in a predetermined
pattern, and then irradiated with light 126 via the mask
125. The mask 125 is positioned so that the 1light-
transmitting portion 124 is located above the high-
reflectance region 121 with edges 124E of the light-
transmitting portion 124 being inside the high-reflectance
region 121. The light 126 passing through the mask 125
into the photosensitive resin layer 122 is reflected from
the high-reflectance region 121 as reflected light 126R.
Using the reflected light 126R, the normal steps 20F (a>

90° ) are formed as shown in FIG. 22B.

[0143] Next, a method for forming the inverted steps
20S from the positive type photosensitive resin layer 132
will be described. 1In this case, since no reflected light
is required during light exposure for the formation of the
inverted steps 20S, it is not necessary to form the high-
reflectance region 121 on the substrate 4. However, the

side faces of the inverted steps preferably extend along
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principal plane of the substrate 4 will be described.

[0144] The substrate 4 as described above is first pre-
pared. The positive type photosensitive resin layer 132
is then formed on the principal plane of the substrate 4.
The photosensitive resin layer 132 is covered with a mask
125 having a light-shading portion 123 and a light-
transmitting portion 124 in a predetermined pattern, and
then irradiated with light 126 wvia the mask 125. The mask
125 is positioned so that the light-transmitting portion
124 is located above the high-reflectance region 121 with
edges 124E of the 1light-transmitting portion 124 being
outside the high-reflectance region 121. The light 126
passing through the mask 125 into the photosensitive resin
layer 132 is not reflected from the high-reflectance re-
gion 121, and thus using only the irradiated light 126,
the inverted steps 208 (a < 90°) are formed as shown in

FIG. 22D.

[0145] In the case of using the positive type photosen-

sitive resin layer 132 as shown in FIGS. 22A to 22D, as in
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[0146] According to the step formation methods de-
scribed above, inverted steps, formation of which is gen-
erally considered difficult, can be easily formed

simultaneously with formation of normal steps.

[0147] In the above description, the twist-aligned re-
gion T serving as the nucleation site for transformation
was formed in the light-shading region so as not to be in-
cluded in the display area. The present invention is not
limited to this, but both the twist-aligned region T and
the splay-aligned region S may be included in the display
area. For example, in a transmission/reflection combina-
tion type liquid crystal display device, the twist-aligned
region T of the 1liquid crystal layer having a larger
thickness (dl) may be used as the transmission region and
the splay-aligned region S thereof having a smaller thick-
ness (d2 < dl) may be used as the reflection region. In
such a 1liquid crystal display device, both the twist-

aligned region T and the splay-aligned region S can be
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WIEYNC  [0148] As described above, according to the present in-

vention, it is possible to provide a liquid crystal dis-

play device enabling swift and reliable transformation

from splay alignment to bend alignment or from bend align-

ment to splay alignment. The present invention is suita-

bly applied to liquid crystal display devices used for

monitors for computers and flat T.V. sets.

[0149] While the present invention has been described
in a preferred embodiment, it will be apparent to those
skilled in the art that the disclosed invention may be
modified in numerous ways and may assume many embodiments
other than that specifically set out and described above.
Accordingly, it is intended by the appended claims to cov-
er all modifications of the invention that fall within the

true spirit and scope of the invention.
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wherein the liquid crystal layer includes: a splay-
aligned region in which a transformation from splay align-
ment to bend alignment or from bend alignment to splay
alignment occurs according to a voltage applied; and a nu-
cleation region serving as a nucleation site for initiat-
ing the transformation to occur in the splay-aligned
region,
the nucleation region includes a plurality of first
nucleation regions, each of the plurality of first nuclea-
tion regions extending in a first direction, and a plural-
ity of second nucleation regions, each of the plurality of
second nucleation regions extending in a second direction
different from the first direction,
the splay-aligned region includes a plurality of
first splay-aligned regions having a first width in the
second direction and a plurality of second splay-aligned

regions having a second width smaller than the first width

in the second direction, and
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2. The 1liquid crystal display device of c¢laim 1,
wherein the liquid crystal layer contains a chiral dopant,
the nucleation region is a twist-aligned region exhibiting
180-degree twisted alignment during non-voltage applica-
tion, the plurality of first nucleation regions are a plu-
rality of first twist-aligned regions exhibiting 180-
degree twisted alignment during non-voltage application,
and the plurality of second nucleation regions are a plu-
rality of second twist-aligned regions exhibiting 180-

degree twisted alignment during non-voltage application.

3. The 1ligquid crystal display device of claim 2,
wherein dl/p of the twist-aligned region is greater than
d2/p of the splay-aligned region where p is a pitch of the
ligquid crystal material, dl is a thickness of the twist-
aligned region of the liquid crystal layer, and d2 is a
thickness of the splay-aligned region of the liquid crys-

tal layer.
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wherein the first substrate includes a plurality of gate
lines extending in the first direction, a plurality of
source lines extending in the second direction crossing
the first direction, a plurality of switching elements
placed in the vicinity of the crossings of the plurality
of gate lines and the plurality of source 1lines, and a
plurality of pixel electrodes electrically connected with
the plurality of gate lines and the plurality of source
lines via the plurality of switching elements,

at least one of the plurality of first twist-aligned
regions is formed above at least one of the plurality of
gate lines,

at least one of the plurality of second twist-aligned
regions is formed above at least one of the plurality of
source lines, and

at least one of the plurality of first splay-aligned
regions is formed above at least one of the plurality of

pixel electrodes.
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common lines.

7. The 1liquid crystal display device of claim 2,
wherein at least one of the plurality of second twist-
aligned regions is formed continuously from at least one

of the plurality of first twist-aligned regions.

8. The 1liquid crystal display device of claim 7,
wherein the spacing between two second twist-aligned re-
gions adjacent in the first direction among the plurality

of second twist-aligned regions is 1 mm or less.

9. The 1liquid crystal display device of claim 4,
wherein at least one of the first substrate and the second
substrate has a plurality of steps each having an upper
face, a lower face, and a side face connecting the upper

face and the lower face, and
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13. The 1liquid crystal display device of claim 1,
wherein the pretilt direction of liquid crystal molecules

of the liquid crystal layer is parallel to the first di-
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aligned region exhibiting 180-degree twisted alignment
during non-voltage application; and a splay-aligned region
exhibiting splay alignment during non-voltage application
and bend alignment during voltage application, to be used
for display,

at least one of the first substrate and the second
substrate has a plurality of steps on the surface facing
the 1liquid crystal layer, each having an upper face, a
lower face, and a side face connecting the upper face and
the lower face, the splay-aligned region is formed above
the upper faces of the plurality of steps, and the twist-
aligned region is formed above the lower faces of the plu-
rality of steps, and

the plurality of steps include a first step and a

second step, the side face of the first step has an angle
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laver, the mask is positioned so that the 1light-

transmitting portion is placed above the high-reflectance
region with edges of the light-transmitting portion being
inside the high-reflectance region, and the normal steps

are formed using the reflected light.
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